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PREFACE. 



This little work has been prepared more espe- 
cially for the use of a class of chemical students 
vrho devote a semester to the analysis of vege- 
table products and other organic raixtiu'es, taking 
previously at least two semesters in qualitative 
and quantitative analysis. After working with 
this class for several years, without other aid than 
a manuscript digest of directions and references, 
tlio author is convinced that a compilation in this 
subject is desirable — ^not alone for students in 
special applications of chemistry, but for the con- 
venience of every general analyst. 

Proximate organic analysis is not altogether 
impracticable, and organic chemistry is not solely 
a science of synthetical operations even at pre- 
sent. It is trae, as the chief analytical chemists 
have repeatedly pointed out, that in the rapid 
accmnulation of organic compounds the means 
of their identiiication and separation have been 
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left ill comparative neglect. It is true, also, that 
the field is limitless ; but this is not a reason for 
doing nothing in it. Pifty years ago, the work- 
ers in inorganic analysis were unprovided with a 
comprehensive system, bn^ they went on explor- 
ing the mineral kingdom and using their scanty 
means to gain valuable results. 

That this compilation is a fragmentary and 
very brief exponent of this part of analytical 
science as it exists at present, the author is fully 
aware, but he hopes that, as a beginning, it may 
prove to be worth enough to afibrd an opportu- 
nity for its improvement hereafter. 

7 MicHiGAH, Scptcmbej-, 1874. 
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OUTLINES 

PfioxiMATE Organic amltsis. 

PRELIMINARY EXAMINATIONS. 

1. CARBON' (uncombined) is recognized by its sensible pro- 
perties (as charcoal, graphite, or diamond), hy not vaporizing 
when heated, and by resisting ordinary solvents — neutral, alka- 
line or acid — except that graphite js oxidized by digestion with 
chlorates and sulphuric or hydrochloric acid, or with bichro- 
mates and sulphuric acid, or with mixed nitric and sulphuric 
acids. — Also, on ignition in the air, or in a close tube with oxide 
of copper, carbonic anhydride is obtained from carbon alone, as 
well as from its compounds. 

2. THE COMPOUNDS OP CABBOIT— except the alka- 
line carbonates — -yield carbonic anhydride when ignited in the air 
or in a tube with supply of oxygen (as with dry oxide of copper). 
The non-volatile "Organia" Compounds of Carbonleave a.resi- 
due of carbon after partial combustion — i.e., they carbonize by 
ignition. 

3. Preliminary examination OP SOLIDS to determine 
whether inorganic or organic, or both. 

a. Heat gradually, to prolonged ignition, in a glass tube open 
at both ends, or on platinum foil, 

(1) The substance is permanent r Inorganic. 

(2) Carbonizes and burns away, leaving no residue : Organic. 
See 5, a. „ 
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13 PliELIMIXAnY F.XAMI\.-\TIO.\fi. 

(3) Carbonizos and leaves ;i fixed residue ; Organic and Inor- 
gaftio. See c, 

(4) There is doubt as to carbonization : test according to 5. 

(5) The substance vaporizes — wholly or partly ; test accord- 
ing to h. Also consider ammonium salts, the volatile elements, 
and the inorganic volatile acids, oxides, sulphides, etc. Examine 
according to 4, 5. 

h. Mix the (dry) substance (free from carbonates yielding 
COj on ignition) with dry oxide of copper ; introduce into a 
short combustion-tube or a hard-glass test-tube ; connect, by a 
corlc and bent narrow tube, with a solution of lime or baryta, or 
basic acetate of lead, and ignite. If a precipitate is formed, test 
it as a carbonate. 

c. Ignite a portion in a porcelain capsule, until free from car- 
bon — cooling and adding a drop or two of concentrated nitric 
acid from time to time, if necessary to facilitate the combustion. 
Submit the residue to inorganic analysis. Examine another por- 
tion for organic bodies — applying the solvents, as in 134 (9) 
or (7), ITor an index of some of the most common organic 
solids, see 5, a. 

4. Preliminary ex:amination of LIQUIDS, to determine 
whether partly or wholly organic or not, and to separate 
dissolved solids. 

a. Evaporate a portion, on a slip of glass, at a very gentle 
heat. If, after cooling, a solid residue is obtained, test it accord- 
ing to 3. If there is an insufficient residue, obtain for this 
examination a larger quantity by distillation, as directed in i. 

■ b. Distil from a small retort or connected flask, admitting a 
thermometer, using a very gradually-increasing heat, and chang- 
ing the receiver as oilcu as the boiling point is seen to rise. 
Cool the residue and distillates. Test the solid portions .-tccord- 
ing to 3 ; the liquid portions, also, according to 3, a or b — ^theu 
referring as indicated in the next paragraph. Tor index of 
Oi^anic Liquids, see 5, b. 
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Anilin— 121. SoJiwnfs— CouHntied. 
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SOLID NON-VOLATILE ACIDS. 

6. TARTARIC ACID. H^C^H^O,. Characterized by the 
form of its crystals and its rotation of polarized light (a) ; by its 
ocloi' when hettted, and its color when treated with sulphuric 
acid (S) ; by the properties of its salts of calcium, potassium, 
lead, and silver (c) ; by the extent of its reducing power (<?), — 
Separated (as free a«id) from salts or other substances insoluble 
in alcohol by its soluliility in that menstruum, and from aqueous 
solutions by its solubility in amylie alcohol (e) ; from alcoholic 
solutions by tho insolubility of tartrates in alcohol (c) ; from 
citric acid by the precipitation of calcium tartrate in cold water 
and of potassium tartrate iu aqueous alcohol (c) ; from sub- 
stances not precipitable l)y oxide of lead l>y the method given 
under Acetic acid at g (40). — Determined by acidimetiy (/") ; 
gravimctrically as lead, calcium, or potassium tartrate (g) ; Ijy 
sp. gr. of water solutions (see Storer's " Dictionary of 
Solubilities "). 

a. Ordinary tartaric acid, or " dextrotartaric acid," cjT/ff- 
toMizes in colorless, transpaa-ent, hard, monoclinio (oblique 
rhombic) prisms, permanent in the air, soluble in 1.5 parts cold 
water, 0.5 part hot water, 3 parts alcohol, not soluble in ether. 
The solution rotates the plane of polarized light to the Hght. 

h. When lieated to 170° to 180° C, the crystals melt with 
formation of mctatartaric acid, etc. ; by higher heat in the air, 
various distillation products are generated, and the mass bums 
with the odor of burnt sugar and the separation of carbon.^— 
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Pure tartaric acid dissolves in cold concentrated sulphuric aoid, 
colorless, tlio solution turning blaclt when warmed. 

c. The normal tartrates of potassium, sodium, and ammo- 
nium, and the acid tartrate of sodium, are freely soluble in 
water ; the aoid tartrates of potassium and ammonium are spar- 
ingly soluble in "water; the normal tartrates of uon-alkaline 
metals are insoluble or only slightly soluble in water, but mostly 
dissolve in solution of tartaric acid. Tartrates arc insoluble in 
absolute alcohol. Aijueous alkalies dissolve most of the tartrates 
(those of mercury, silver, and bismuth being excepted), generally 
by formation of soluble double tartrates. For this reason, 
tartaric acid prevents the precipitation of salts of iron and many 
Other heavy oxides by alkalies. Hydrochloric, nitric, and 
sulphuric acids decompose tartrates. 

A solution of tartaric acid added to cold solution of lime, 
leaving the reaction alkaline, causes a slight white precipitate of 
calcic tartrate (distinction from Citric acid, which precipitates 
only when heated). The aanae precipitate is produced with a 
tartrate and calcic chloride solution ; but not readily, if at all, 
with free tartaric acid and calcic sulphate solution (distinction 
from Kacemic acid). The precipitate of calcic tartrate is soluble 
in cold solution of potassa, is precipitated gelatinous on boiling, 
and again dissolves on cooling (distinctions from Citrate), and is 
dissolved by acetic acid (distinction from Oxalate). 

Solution of potaSBa, or potassic acetate, precipitates concen- 
trated solutions of tartaric acid, as the acid tartrate of potassium 
in microscopic crystals of the trimotric system, soluble in alkalies 
and in mineral acids, not soluble by acetic acid. The precipitate 
is soluble in 230 parts of water at 15°, or in 15 to 20 parts of 
boiling water, but insoluble in alcohol, the addition of which 
promotes its formation in water solutions (distinction and sepa- 
ration iram Citric, Oxalic, and Malic acids) .-r—TMtaric acid is 
distinguished from citric acid, in crystal, and "thfe former is 
detected in a crystalline mixture of the two acids, as follows: * 
* Hager'S " Untersnchni^en," E. S, S, las. 
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1(> SOLID NOX-VOLATILK ACIDS. 

A soIqIIoh of 4 grammes of dried potflssa in GO cubic eonti' 
meters of water and 30 cubic centimeters of 90 per cent, alcohol 
is poured upon a glass plato or beaker-bottom to the depth of 
about 0.6 centimeter (one-fourth inch). Ciystals of the acid 
under examination arc placed, in regular order^ three to live cen- 
timeters (one to two indies) apart, in this liquid, and left without 
i^tatiou for two or three hours. The citric acid crystal, dissolves 
slowly but completely and without losing its transparency. 
The tartaric aciij crystal (or the crystal containing tartaric acid) 
becomes, in fl' few. minutes, opaque white (in a greater or less 
degree), and continues for hours and days slowly to disintegrate 
without dissolving and with gi-adual projection of epicate crystals, 
fibrous and opaque, also trimetric prisms. (See, also, Citric 
acid, e.) 

Solution of lead acetate precipitates free tartaric acid or tar- 
trates as white normal tartrate of lea^J, very slightly soluble in 
water, "insoluhle in alcohol, but slightly soluble in acetic a«id, 
readily soluble in tartaric acid and in tai'trate of ammonium 
solution, and freely soluble in ammojiiaoal solution of tartrate of 
ammonium (distinction from Malate), somewhat soluble in 
chloride of ammonium. 

Solution of silver nitrate precipitates solutions of normal 
tartrates (not free tartaric acid) as white argentic tartrate, soluble 
in ammonia and in nitric acid. On boiling, the precipitate turns 
black, by reduction of silver, some portion of which usually 
deposits as a mirror-coating on the glass. The mirror is formed 
more perfectly if the washed preoipitat« of argentic tartrate is 
treated with ammonia just enough to dissolve nearly all of it, 
and the solution left on the water bath. (The reduction is a 
distinction from Citrate). Free tartaric acid docs not reduce 
silver from its nitrate. 

d. The copper sulphate with potaasa is not reduced by tar- 
taric acid. Potassium permanganate solution is reduced very 
slowly by free tartaric acid ; but quickly by alkaline solution of 
tartrates, with separation of brown binoxidc of manganese (dis- 
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tiiiction from Citrates which separate the brown binoside of man- 
ganese slowly or not at all, leaving green solution of manganate). 

e. Tartaric acid may be extracted from tartrates by decom- 
posing with sulphuric acid and dissolviag with alooliol, sulphates 
being generally iasoluble in alcohol, Pree tartaric aeid may 
be extracted from water solutions by agitation with amylio 
alcohol, which rises to the surface. 

Qriiantitative.— ;j^. Free tartaric acid, immixed with other 
acids, may be determined volumetrisaUy by adding a normal 
solution of soda, to the neutral tint of litmus. Weighing 7.500 
grammes, the required number of cubic centimeters of normal 
solution equals the number per cent, of acid. 

g. Inabsence of acids forming insoluble lead salts, tartaric neid 
may be precipitated by acetate of lead solution, waslied with 
dilute alcohol, dried on the water bath and weighed as normal 
lead tartrate. PfeO^Hp, : Bi;C,H,0, ; ; 1 : 0.423535. 

In absence of acids forming insoluble calcium salts, tartaric 
acid may be precipitated from solution of neutral sodium tar- 
ti-ate by chloride of calcimn. If ammonium salta are present, 
the ammonia should first be mostly expelled by adding sodium 
carbonate and heating — the excess of carbonate being neutralized 
with acetic aoid. The precipitate of calcium tartrate should be 
heated and left aside for completion, washed with a little water 
and then with dilute alcohol, and dried (in a tared filter) at 40° 
to 50= C. Ca C,H,0,+4H,0 ; H,C,H,0, : : 1 : 0.577. 

In presence of citric acid, oxalic acid, sulphuric acid, phos- 
phoric aoid, etc., the tartaric acid may bo determined as potas- 
siiun bitartrate. The solution of acid la made nearly neutral by 
addition of soda, or the solution of salt (tartrate) is made slightly 
aoid by addition of acetic acid ; this water solution is obtained 
in concentrated form and ti-eatcd with a little alcohol but not to 
cause a precipitate, and then precipitated with concentrated solu- 
tion of acetate of potassium. The precipitate is washed with 
alcohol, and dried on the water bath. KH C.Hp^ ; n,C,H,0, 
: : I ; 0.707. Eesiilts appvoxlmate. 
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7. BACRfiEIC ACTD. Isomer of tartaric acid, from which 
it is distinguis/icd as follows : By forming tricliuic <yryatals, 
H,C,H,0, , H,0 ; soluble in 5 parts cold water or 48 pai'ts of 
alcohol of sp. gi'. .809 ; slightly effloresc«iit on the surface ; losing 
the water of erj-stallization at 100°. By its solution (uncom- 
biiied) being able to form after a short time a slight precipitate 
in solution of caloio sulphate and a precipitate in solution of 
calcic chloride ; the precipitate of calcic raceraate being, after 
solution in hydrochloric acid, precipitated again by ammonia, 
that \.% uot soluble in chloride of ammonium solution. By being 
inactive toward polarized l^ht. 

8. CITRIC ACID. HjC,HjO,. CAaraeimset^by the form, 
solubilities, aud fusibility of its crystals (a) ; by the properties 
of its salts of calcium, barium, lead, silver, potassium (5) ; by the 
limits of its reducing power (c). — Separated (as free acid) from 
sulphates and other .substances iasoluble in alcohol by its solu- 
bility ia this menstruum {d ) ; from tartaric acid, approximately, 
by the slight solubility of the potaasic tartrate in dilute alcohol 
(e) ; from acids which forjn soluble lead salts by method given 
under Acetic acid at */. — Determined by acidimctry (y) ; by 
precipitation as bai-)ljhi citrate to be weighed as barium sulphate, 
or as barium citrate. 

a. The citric acid of commercio is crpstcdlked (from rather 
concentrated solutions) as H,CjHjO, . H,0, in large, transparent, 
colorless, and odorless prisms of the trimetric system. These 
crystals slowly effloresce in the air between 28° and 50° C, and 
lose all their water of crystallization at 1 00° C. A different form 
of crystals, containing one molecule of water to two molecules 
of acid, is obtained from boiling, concentrated solutions. — Citric 
acid melts when heated, and at 175° gives off pungent, character- 
istic vapors, containing acetone (see Acetic acid, 40, c), while 
Aeonitic acid (9) is formed in the residue. (The odor is dis- 
tinctly unlike that of heated Tartaric acid.) — Citric acid is 
soluble in less than its weight of water, in 1.5 parts of 90 per 
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cent, alcohol, iiisoIuWe in absoluts ether, but soluble to adight 
extent in ether containing alcohol or water ; also slightly soluble 
in chloroform containing aleohol. 

h. The alkaline citrates are freely soluble in water ; iron, zinc, 
and copper citrates, moderately soluble; other metallic citrates 
mostly insoluble, calcium citrate being somewhat soluble in cold 
water, but nearly insoluble in hot water, ' Ammonio-ferric citrate 
is readily soluble in water. Citric acid prevents the precipita- 
tion of iron and many other heavy metals by the alkalies, soluble 
double citrates being formed. The alkaline citrates are sparingly 
soluble in hot, less soluble in cold alcohol. — Solution of lime, 
added to solution of citric acid or citrates, causes no precipitate 
in the cold (distinction from Tartaric, Eacemic, Oxalic acids); 
but on boiling a slight precipitate is formed (distinction from 
Malic" acid). Solution of chloride of calcium does not precipi- 
tate solution of free citric acid even on boUing, nor citrates in the 
cold, but precipitates citrates (neutralized citric acid) when the 
mixture is boiled. The precipitate, Caj(C,HjO,), . 2H,0, is 
insoluble in cold solution of potassa (which should be not very 
dilute and nearly free h-oxa. carbonate), but soluble in solution of 
cupric chloride (two means of distinction from Tartaric acid) ; 
also soluble in cold solution of chloride of ammonium and 
readily soluble in acetic acid. — Solution of acetate of lead pre- 
cipitates from solutions of neutral citrates, and from even very 
dilute alcoholic solution of citric acid, the white citrate of lead, 
Pb5(CjH^O,),.^H(,0, somewhat soluble in free citric acid, 
soluble in nitric acid, in solutions of all the alkaline citi-ates and 
of chloride and nitrate of ammonium, soluble in ammonia (for- 
mation of basic citrate of lead then soluble with the citrate of 
ammonium produced). (Malate of lead is not soluble in malate 
of ammonium.) 

c. Nitrate of silver precipitates from neutral solutions of 
citrates, white normal citrate of silver, not blackened by boiling 
(distinction from Tartrate). — Solution of permanganate of 
potas^um is scarcely at all affected by free citric acid in Ihc colt!. 
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With free alkali, the solution turns greea slowly in the cold, 
readily when boiled, without precipitation of hrown binoxide of 
manganese till after a long time (distinction from Tai'trate). 

d. Citric a«id is separated from " extractive matters " and 
from a«ids which form soluble barium salts by precipitation, as 
iarium citrate, which is then carefully decomposed with sul- 
phuric acid. — From citrates soluble in water, tlie acid may be 
obtained by decomposing with sulphuric acid (not added in 
excess), then removing the water by evaporation at a tempera- 
ture below 100°, and extracting the citric acid from the residue 
by alcohol. 

e. One part of citric acid dissolved iu two parts of water, 
and treated with a solution of ono part of acetate of potaesltun 
in two pai-ts of water, will rejnain clear after addition of an 
equal volume of strong alcohol (absence of Tartaric, Racemic, 
and Oxalic acids). For a method by treatment of the crystals 
with alcoholic solution of potassa, see Tai-tanc acid (1), c. 

Quantitativo. — -J'- Unoombined citric acid, not mixed 'with 
other acids, may bo determined volumetricaUy by adding a 
standard solution of soda or potassa to the neutral tint of litmus. 
Weighing 7.000 gi-ammef (,V of | of C,HjO, . H^O) the number 
of cubic centimeters of normal solution of alkali required equals 
the number per cent, of crystallized acid.* 

g. The precipitation of alkaline citrates by barium acetate is 
made complete in solution of alcohol of sp. gr. 0.908 — as 
follows :f 

The citric acid is obtained as alkaline citrate; if free, by neu- 
tralization with soda ; if combined with a non-alkaline base, by 
warm digestion with an excess of soda or potassa, filtering and 
washing — the filtrate being neutralized by acetic acid. In either 
case, the carefully neutralized and not very dilute solution is 
treated with a slight excess of exactly neutral solution of acetate 
of barium, and a volume of 95 per cent, alcohol, equal to twice 
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that of the whole mixture, is added. The jirecipitato is washed 
on tho filter with 63 per cent, alcohol, and dried at a moderate 
heat. The citrate of barium contmns a variable quantity of 
water, aud is transformed into sulphate of barium by transferring 
to a porcelain capsule, burning the filter, and heating with sul- 
phuric acid several times, till the weight ia constant. 3BaSO, : 
2H,C^.O, . H,0 : : 1 : 0.601. 

Ilager directs that barium or calcium citrate (washed with 
alcohol) be dried at 120° to 150° and weighed. Ba,{C,H,0,), : 
SH^C^H^O, . np : : 1 : 0.53232. 

9. ACOHITIO ACID. HjC,H,0„. A eolorleae solid, crystal- 
iizing with difficulty in warty masses, at 160° C. (320° F.) resolved 
into liquid itaconic acid. Soluble in water, alcohol, and efhor ; 
its solutions having a decided acid reaction. It has a purely acid 
taste. — Tho aconitatea of the alkaline metals, magnesium, and 
zinc arc freely soluble, the others insoluble or sparingly soluble, 
in water. Calcic aconitate is soluble in about 100 parts of 
cold water and in a much, smaller quantity of boiling water. 
Manganous aconitate crystallizes in rose-eolored octahedrons, 
sparingly soluble in water. Argentic aconitate is sparingly 
soluble in water, soluble in alcohol or ether, blackened by 
boiling with water. — Free aconitie acid is precipitated hy mer- 
cuixius nitrate, but not by most metallic salts until after neu- 
tralization. 

Aconitie noid is ^t^arated from Monkshood {AconiMm 
^lapellns), Larkspur (^Delphinium consolida), MqiiiseUim, Black 
Hellebore, YaiT0W.(jicAi7fecs niWfe/bKj(m), and other plants, in 
which it exists as calcium salt, by evaporating the dear decoe- 
Uon to crystallize. The crystals of aconitate of calcium are dis- 
solved and precipitated by acetate of lea^l, and the lead salt 
decomposed by hydrosulphuric acid. It is also separated from 
impurities by adding (to the dry mixture) five parts of absolute 
alcohol, then saturating the filtered solution with hydrochloric 
acid, and adding water, when aconitate of ethyl will rise as an 
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oily iayep, colorless and of aromatic odor. This ctlior may be 
decomposed by potasaa. 

Acoiiitic acid may be separated from Maleie acid by the 
moi-e ready crystallization of the latter, and from Fimiaric acid 
by being more soluble in water, 

10. MAUC ACID. H,C,H.O,. 7"(?emi!|^(; more especially 
by its deportment when heated («) ; by the deportment of its 
lead salt when heated under water (S), and of its calcium salt in 
water and in alcohol (tjf), — jSi^Mij-aiet? from tartaric, citric, oxalic, 
.and other acids by alcoholic solubility of the neutral malato of 
ammonium (c) and by its reaction with calcium in water solu- 
tions (d ) ; from tannic acid, also, by aqueous solubility of calcic 
malate, and from formic, acetic, benzoic acids by alcoholic inso- 
lubility of calcic malate {d ).— Determined gravi metrically as 
lead malate (e). 

Crystallizes in four-sided or six-sided prisms, deliquescent in 
air ; colorless, odorless, and of sour taste ; freely soluble in 
ivater and alcohol, soluble in ether. The malates arc mostly 
soluble in water, but insoluble' in alcohol. Nitric acid oxidizes 
malic acid, and alkaline solution of permanganate is decolorized 
by it, but chromic acid acts on it with difficulty. Malate of 
silver dai'kens but slightly on boiling (Tartrate blackens). Con- 
centrated sulphuric acid darkens malio acid very slowly after 
warming. Ilydriodic acid changes it to succinic acid with sepa- 
ration of Iodine (the result being the same with Tai-taric acid). 
Sodium amalgam changes malic to succinic acid. 

a. Free malic acid, Jieated in a small retort over an oil-bath 
In 175° or 180° C, evolves vapors of maleie and fumai-ic acids, 
which crystallize in the retort and receiver. The fumaric acid 
forms slowly at 150° C, and mostly crystallizes in the retort, in 
broad, colorless, rhombic or hexagonal prisms, which vaporize 
without melting at about 200° C, and are soluble in 250 parts 
of water, easily soluble iiialcohol or ether. If tlio temperature 
is suddenly raised to 200°, the maloie acid '5 (Iio chief product. 
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Maleic acid ci^-stallizos in oblique, rhomlioidal prisms, wiiieii 
melt at 130° and vaporize at abou060°, and aro readily soluble 
in water and iu alcohol. The tegytor malic a«id, by heating to 
175° or 180°, may be made in a test-tube, with a sand-bath, the 
sublimate of fumaric and maleie acids condensing iu the upper 
part of the tube. Malic acid melta below 100°, and does not 
!o9o weight at 120° ; at the temperature of the test water-vapor 
ia eepai'ated — maleie and fomarie acids both having the composi- 
tion of malic anhydride (C,HjO,). 

b. Solution of aoetate of lead precipitates innlic acid, more 
perfectly after neutraliHing with ammonia, as a white and fre- 
quently crystalline precipitate which upon a little boiling melts 
to a transparent, waxy semi-liquid (a eharaoteristio reaction, ob-' 
scured by presence of other salts). The precipitate is very 
sparingly soluble in cold water, somewhat soluble in hot water 
(distinction from Citrate and Tartrate) ; soluMe in strong ammo- 
nia, but not readily dissolved in slight excess of ammonia 
(distinction from citrate and tartrate) ; slightly soluble in 
acetic acid. 

c. If the predpitate of malate of lead is treated with excess 
of ammonia, dried on the water bath, triturated and moistened 
with alcoholic ammonia, and then treated with abBOlute alcohol, 
only the malate of ammonium dissolves (distinction from 
Tartaric, Citrio, Oxalic, and many other organic acids, the normal 
ammonium salts of which are insoliiblo in absolute alcohol). 
Also, malic acid may be separated from tartarioj oxalic, and 
citric acids, in solution, by adding ammonia in slight excess, and 
then 8 or 9 volumes of alcohol, which leaves only the malate of 
ammonium in solution. 

d. Solution of chloride of oaloiuM does not precipitate malic 
acid or malates in the cold (distinction from Oxalic and. Tartaric 
acids) ; only in neutral and very concentrated solutions is a pre- 
cipitate formed on boding (while calcic citrate is precipitated in 
neutral boiling solutions if not very dilute). The addition of 
alcohol after chloride of calcium produces a white bulky precipi- 
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tate of calcic mjtlate in even dilate neutral solutions (Indicative 
in absence of sulphuric and other acids whose calcium salts are 
less soluble in alcohol than nn water). — Acetic, Pormic, and 
Benzoic acids are left in solution and malic acid precipitated by 
addition of oiio or two volumes of alcohol, with chloride of 
calcium. In separation from Tannic acid, both acids may be 
precipitated by chloride of calcium, with a slight escess of 
ammonia and alcohol; the malatc is then washed out of the 
precipitate with water. 

QpUaiititativ©. — e- The alcoholic solution of malate of am- 
monium — prepared as dii-ccted in e — may be precipitated with 
acetate of lead, washed with alcohol, dried and weighed as malate 
of load. PtaC.Hp, ; H,C,H,0, : : 1 : 0.3953. 

11. MECONIC ACID. H,G,HO,. Identified by its 
pliysieal properties and precipitation by hydrochloric acid (a) ; 
its reactions with iron and other metals (5) ; and by its products 
when lieated (c). It is s^>arated from opium through formation 
of the calcium salt or lead salt (d). 

a. Meconic acid crystallizes in wliito shining scales or small 
rhombic prisma, containing three molecules of crystallization 
water, fully given off at 100° C. It is soluble in 115 parts of 
water at ordinary tem.peratures, less soluble in water acidulated 
with hydrochloric acid, more soluble in hot water, freely soluble 
in alcohol, slightly soluble in ether. It has an acid and astringent 
taste and a marked acid reaction. Its salts, having two atoms of 
its hydrogen displaced by acid, are neutral to test-paper. Except 
those of the alkali metals, the dimetallio and trimetallic moco- 
nates are mostly insoluble in water. Meconates are nearly all 
insoluble iu alcohol. They arc but slightly or not at all decom- 
posed by acetic acid. 

Solutions of meconates are precipitated by hydrochloric 
acid, as explained above. 

S. Solution of meconic acid is colored red by solution of 
ferric chloride. One ten-thousandth of a grain of the aoid in 
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one grain of water with a drop of the reagent acquires a distinct 
purplish-i-ed color (Woemlby), The color is not readily dis- 
charged by addition of dilute hydrochloric acid (diatinctioii from 
Acetic acid), or by solution of mercuric chloride (distinction 
from sulphocyanie acid). — Solution of acetate of lead precipi- 
tates meconic acid or meconates aa the yeiiowisli-whitc meconate 
of lead, Pbj(0,HO,)j, insoluble in water or acetic acid, — Excess 
of baryta water precipitates a yellow trimetallic meconate. — 
Solution of nitrate of silver in excess precipitates free meconic 
acifl on boiling, and precipitates meconates directly, as yellow 
ti-imetallic meconate ; if free meconic acid is in cxceas, the preci- 
pitate is fii-st the wliite dimetallic meconate; both meeonntes 
being soluble in ammonia and insoluble in acetic acid. — Solution 
of ohloride of calcium precipitates from solutions of meconic 
acid, aiid even from neutral meconates, chiefly the white niono- 
metallie meconate, CaH,(C,HO,)j . SH^O, sparingly soluble in 
cold water ; in the presence of free ammonia, the less soluble, 
yellow dimetallic salt, CaH C,HO, . H^O, b formed. Both preci- 
pitates are soluble in about 20 parts of water acidulated witli 
hydrochloric acid. 

c. At 120° C. (248° F.) dry meconic acid is resolved into 
comenic acid; at above 200° C. the comenic acid is resolved 
into pyrocomenio acid and offier products. The sublimate of 
comenic acid dissolves sparingly in hot water, not at all in abso- 
lute alcohol. It ciystallizes in prisms, plates, or granules. Solu- 
tion of comenic acid gives a red color with ferric chloride, green 
pyramidal crystals with enprio sulphate in concentrated solu- 
tion, and a yellowish-white granular precipitate with acetate 
of lead. 

(J, The separation of meconic aoid from opktm is effected 
with least loss by precipitating the infusion with acetate of lead 
(leaving the alkaloids aa acetates with some excess of lead in the 
filtrate). The precipitate is decomposed, in water, with hydro- 
sulphuric acid gas, and the filtrate therefrom is concentrated (and 
acidulated with hydrocliloric acid) to crystallize the meconic acid; 
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The crystals are purified by dissolving in hot water and crystal- 
lizing in the cold after aeidulatioii with hydrochloric acid. 

The calcium meconate, precipitated in concentrated solution 
by Gregory's process for preparation of morphia, as by the Br, 
Pharmacoposial preparation of morphite muriaa, is washed with 
cold water and pressed. One part of the precipitate ia dissolved 
by digestion in 30 parts of nearly boiling water with 3 parts of 
commercial hydrochloric acid, and set aside to ciystallize the acid 
meconate of calcium. The crystals are purified from color and 
freed from calcium by repeated solution in the same solvent used 
just below 100° C, and each time m a slightlj dimmished quan 
lity. The acid may be further decolorized by ncutializmg with 
potassio carbonate, dissohmg ni the leiit suffitient quantity 
of hot water, draining the magmi f salt when cold dissoh 
ing again in hot water and ildiiig hjdiochloii ted to cijs 
talliKC. 

12. DIG-ITALIC ACID. Digitalcic acid. Digitoleic n«id. 
— A solid of a green color, crystallizing in slender needles, some- 
times stellate, h'i^ing a bittoi taste and pleasant aromatic odor. 
It I's spaiingl^ soluble in water, freelj soluble , in alcohol 
and in ether It ledl na litmua nnd decomposes carbonates. 
The alkaline digitalates iie soluble forming soapy solutions 
with water, the other metallic digitalutcs lie insoluble in 

Digitalio acid is obtained fiom the lea\es of tlv fo% glove 
(digitalis purpurea) by e\hau&ting with cold watei, precipitating 
the solution ■with acetate ct lead, decomposing the precipitate 
■«itli solution of carbouite of sodium, <ffld treating the somewhat 
concentiated iiltered "olution with hjdrochlonc aeid, which pie- 
cipitates ciude b^itilii. aci 1 This is puiified 1) cijstillization 
from ikohol 

13. TAUIflC ACIDS: Vegetable educts billing an HsirsM- 
geiit taste and an acid cflect on test-papers, mostly amorphous, 
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not volatile or liquofiable, freely soluble in water and in alcohol, 
mostly but little soluble in dilute sulphuric acid ; forming with 
ferric salts green or blue colors, and precipitating solutions of 
gelatin and albumen (distinctions from gallic acid). Attributed 
formulce, C„H„0,5 ; C„H„0„ i C„H,„0„ (Schiff). 

The tannic acids are further characterized by forming in solu- 
tions of all the caustic alkalies a brown color bleached by oxalic 
acid, and in solutions of alkaloids a white precipitate dissolved 
by acetic and stronger acids. With exceptions hereafter named, 
they precipitate solution of tartrate of ailtimoay and potassium ; 
they precipitate basic acetate of lead, and form insoluble com- 
pounds with many heavy metals. They all absorb oxygen, espe- 
cially in presence of alkalies, and act as powerful reducing agents 
— quickly decolorizing solution of permanganate, and reducing 
the heated alkaline copper solution, Tannio acids are more per- 
manent in alcoholic than in aqueous solutions. 

If a very little starch-paste be tinged blue by 3 slight addition 
of hundredth-normal solution of iodine (1 part iodine dissolved 
witli potassic iodide in 100,000 parts aqueous 3olution),-on adding 
a liquid containing tannic acid the blue color of the iodized starch 
presently disappears — hydriodic add and gallic acid being formed. 
On adding a crystal of potassic nitrite the blue is restored.* 
Also, if a drop of tannic acid solution is mixed with a few drops 
of iodiue solution of the above strength, and afterward a drop of 
veiy dilute alkaJi be added, on evaporation to remove carbonic 
acid, a bright red color will appear. f By oxidation the tannic 
acids acquire a dark coloj', brown, black, green, or red, Gallotannio 
acid with alkalies in the air slowly forms tannoxylio acid, which 
precipitates acetate of lead solution dark-red. With lime-water 
it forms a white turbidity, becoming green and darker. Tannic 
acids form with molybdate of ammonium a red color removed 
by oxalic acid. 

The jjAj/aJo/o^'ca^ tannic acid (Wagner, 1866) or quercitan- 
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nic acid is found in the bark of the oak, pine, willow, nnd beech, 
in bablah (aca«ia fruit), in valonia {cups of the quercus cegilops), 
and in sumac. It is a glucoside, and it does not yield pyrogal- 
lic a«id by dry distillation. The pathological tannic acid of 
Wagner, or gallotannic acid, is found in common or Turkish gall- 
nuts and in Chinese and Japanese gall-nuts. It is a glucoside 
{being transformed by contact of a ferment or by sulphuric acid 
into gallic acid and glucose), and in dry distillation it yields 
pyrogallic acid. 

Ferric salts give bkte to blue-black precipitates with gallo- 
tannic add, quereitannic acid, and the taimic acids of poplar 
bark, birch bark, hazel-nut, uva ursi leaves, lithrum salicaria 
leaves, the bark of comus florida and cornus mascula, and many 
other plants. Ferric gallotannate (ink) is bleached by oxalic 
a«id. On digestion with nitric aeid, a yellowish solution is 
formed, in which excess of ammonia precipitates ferric hydrate. 
Ferric salts give green precipitates with quinotannio acid, mori- 
tannic acid, calTetaiuiic- acid, catechutannic acid, eatechuic acid, 
cephaelic acid, the tannic acids of the barks of pines and iir and 
willow, the rhubarb root, the root of potentilla tormentilla, and 
of numerous other plants, Cephaelic acid with ammonia is 
colored violet to black by ferric salts. 

Gelatin does not precipitate Catecliuio acid or Caffe- 
tannio acid. 

Tannic acids are removed /rom solution by digfstion with 
oxide of copper, oxide of zmc, or ammal membianc , oi by pie- 
cipitation with solution ot gelatin, "sulphiti, of cinchoma, or 
acetate of copper. — They are separated as insolvble lead salts, 
according to the general method given rnidei Acetic Acid 

Quantitative. — The total tannic acids in solution ate deter 
mined — by the specific gravitj {a) , by absoiption in o\ide of 
copper (5); by a volumetric solution of sulphite of (inchonia 
(c) ; by a volumetric solution of tartiate of antimony and 
potassium (in presence of (hlonde of ainmrmuin to present the 
precipitation of gallic acid) {_d). 
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a. A water solution of gcUlotannic acid Hi IT-fj^C. (03.5"F.) 
eontaiRS as follows (after Hager) ; 



__^-"c. 
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10489 


5 


10301 


8.5 


10701 


115 


10468 


4.6 
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7.6 
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0.6 


10030 


14 


1.0673 


7 


1.0383 





1.0000 


13.5 ■ 


1.0561 


6.5 









When other substances besides tannic aoid and water are 
present, the specific gravity of the solution is first taken ; the 
solution is then deprived of tannic acid by digestion with animal 
metiibraue. Four to five parts of dried and rasped hide are 
added for one part supposed tannic a«id. After digestion, the 
filtrate wid washings are brought to the exa«t bulk of the original 
solution and to the standard temperature. The former specific 
gravity minus the latter, and plus one, equals the specific gravity 
indicating the per cent, of tarniia. Gallic acid is not taken out 
by the membrane. — If peotous substances are present, they would 
also be precipitated by the an nal e bra e he ce tl ey a ust 
be removed, before taking the specific grav ty the fi "st pla^e 
This is accomplished by mak ng a al ol ol c ext act f tl e o 
ginal material, then evaporat ng off tl e al ol ol in 1 sub&t tut ng 
water (Hammer). — Instead of an al n e 1 a e o de of copper 
may be used to remove the tannic ax\\ (and gallic acii), accotd 
ing to b. 

b. A weighed quantity of recently ignited oxide of copper — 
about 5 times that of the tannin — is added to the prepared solu- 
tion ; the mixture is gently warmed for an hour and set aside for a 
day with frequent agitation, then filtered and the copper tannate and 
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oxide washed, dried on the water-bath and weighed. The ii 
of weight is the amount of tannic (and gallic) acid (Haobr). 

c, 4.623 grams of good sulphate of cinehonia, with 0,5 gram 
sulphuric aa\A, and 0.1 gram acetate rosanilin or fuchsin, are dis- 
solved in water to make one litre. Each c.o, of this solution 
precipitates 0.01 gram tramic aoid. One gram of solid material 
is obtained in dear solution of about 50 c.c. measure. To this 
the standard solution of cinchona is added, the color being thrown 
down in the precipitate. When the tannic acid is all precipi- 
tated, the anilin color appeal's in solution. One gram having 
been talten, each c.c. of the volumetric solution indicates 1 per 
cent, of tannic acid, Galljc acid is not precipitated by cinehonia 
(E. Wagner). 

d. Oae equivalent of tartrate of antimony and potassium, 
after drying on the water-bath (K SbO C,H,0,=:325), is preci- 
pitated by one equivalent of tannic acid (Cj,Hj,0,j=636) ; or, 
0,002555 anhydrous tartrate is precipitated by 0.005 of the tannin. 
Dissolving. 2.555 grams of anhydrous tartrate of antimony and 
potassiufii'l^svater to malte one litre of solution, each c.c of the 
same corresponds to 0.005 of tannic acid. The prepared solu- 
tion of tannic acid — which may contain pectous substances with- 
out interference with this method — is treated with chloride of 
ammonium, and the volumetric solution is added, with agitation, 
until turbidity is no longer produced. The precipitate separates 
well. Gallic acid is not thrown down when chloride of ammo- 
nium is present (Geklamd), 

14. GALLIC ACID. C,H,0,; crystallizing with H,0. An 
inodorous solid, having an astringent and slightly acid taste, an 
acid effect on test-papers, and crystallizing in long, silky needles 
or triclinic ppsms. it is soluble in 100 parts of cold or 3 parts 
of boiling water, freely soluble in alcohol, moderately soluble in 
ordinary other, and but slightly soluble in absolute ether, inso- 
luble ill chloroform or petroleum naphtha. Its non-alkaline 
metallic salts arc insoluble in water but soluble in alcohol, and 
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slightly soluble in officinal ether ; they are decomposed by acids 
and by alkalies. 

Seated to SlO^-aiS' C. {410°-419° F.), in absence of water, 
it is sublimed as pyrogallic acid and carbonic anhydride ; at 
higher temperatures, other products are fonned. 

Gallic acid is characterized by its physical properties (as 
above given) ; by its reactions with iron salts (a), with alkaliea 
(5), with tartrate of antimony and potassa and with alkaline 
arsenate in the air (c), and with molybdatfl of ammonium (d)- 
It is distinguished from the tannic acids by negative results 
with gelatin, albumen, and starch (e) ; hy not precipitating the 
alkaloids, and by its far weaker reducing power (/) (distinction 
from pyrogallic acid also). — Gallic acid is determhied, if free 
from tannic acids, by absorption in recently ignited oxide of zinc, 
according to method b in determination of tannic acid. It is 
separated from tannic acids and determined by solution with car- 
bonate of ammonium from the precipitate with acetate of 
copper (g). 

a. Ferric salts in solution give a deep blue color with gallic 
acid. Ferrous salts give a blue-black precipitate (distinction 
from gallotannic acid). 

5. Alkaline solutions of gallic acid turn yellow to brown and 
black in the air, from absorption of 'oxygen and formation of tan- 
nomelanic acid, greatly accelerated by boiling. The latter acid, on 
neutralizing with acetic acid, precipitates acetate of lead, black. 

Solution of lime with gallic acid, forms a white turbidity, 
changing to blue and then to green. 

e. Tartrate of antimony and potassium is precipitated whij:e 
in very dilute solution. 

A faintly alkaline solution of.arsenate of potassium or sodium, 
with gallic acidj'^exposed to the air, soon develops an intense 
green color, commencing at the surface. Dilute acids change the 
green to purple-red and a careful neutralization with alkalies 
restores the green color, but it is destroyed by excess of fllltali.* 
*Prootoii : Jour^ Chem. Soc, 1874, p. BOO. 
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d. Molybdate of ammonium roacta as willi Uumio acid. 

e. Gallic acid doea not precipitin sel^^™> albumen, or starch- 
paste, but it forms a precipitate with a mixturo of gum-arabio 
and gelatin. 

f. Gallic aoid does not reduce alkaline copper solution, but 
rediices salts of gold and silver, and <iuicldy decolorizes perman- 
ganate solution. 

Quautitatiye. — y. The prepared solution is fully preci- 
pitated with a filtered solution of cuprie acetate; the precipitate 
washed and then exhausted with cold solution of carbonate of 
ammoniimi. The last solution, containing all.the gallato of cop- 
per with a very little tannate, Is evaporated to dryness, the 
residue moistened with nitric a«id, ignited, and weighed as oxide 
of copper. This weight multipUed by 0.9 gives the quantity of 
gallic acid {the full ratio being 0,9126, but allowance is made for 
solution of a little tannate by the carbonate of ammonium. 
The ratio between oxide of copper and tannic acid is 1.304). 
(Method of Fleck modified by SACKtra and Wolf.) 

15. PYE0G-ALI.10 ACID. 0„H„0,. Pyrogallinc. Pyro- 
gallol. — Ckaraoterised by its physical properties {a); its 
peculiar avidity for oxygen (J) ; its reactions with alkalies, lime^ 
iron, copper, etc. (e)- it is distinguished from tannic acid ]^ 
not precipitating gelatin or moderately dilute tartrate of an'^ 
mony and potassium or cinchonia, and by its difierent reactions 
with both ferrous and feme salts : from gallic acid by its greater 
solubility in cold water and its far greater reducing power (6). 
It may be determined gravi metrically as a lead precipitate {d), 
and volu metrical lyty pei-manganate. 

a. Pyrogallic acid crystallizes in long prismatic plates or 
needles, of a white or yellowiah-white color, and an acid and very 
bitter taste. Afc 115= C. (289= F.) Jt melts, and at about 210° C. 
(410° F.) it sublimes with partial decomposition and formation of 
metagallie acid. It is soluble in three parts cold water, freely 
soluble in alcohol and in ether, not soluble in absolute chloroform. 
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b. It is permaneut in dry air free from ammouiti, but in 
moi&t or aramoiiiacal aii- it gradnally darkens, and in water 
solution it turns brown to black, sooner if boiled, still more 
rapidly in presence of alkalies, absoi'ption of o:ei/gen taking 
pla^?c to an extent pi^portionaL to the coloration, which is 
destroyed by oxalic acid. It quickly reduces tlie alkaline copper 
solution ; also salts of the noble metals, and reduces acid solu- 
tion of permanganate with evolution of carbonic anhydride. 

c. With lime solution, a purple-red oolor at first appears, 
afterward the brown color formed by alkalies as mentioned in b. 
With feri-ous salts a blue color is formed ; with ferric salts a red 
solution, brown when heated.' Acetate of copper gives a brown- 
green precipitate; acetate of lead a white, curdy precipitate; 
both soluble in aeotic acid. 

Quantitative. — d. The alcoholic solution of pyrogallic acid 
is precipitated with excess of alcoholic solution of acetate of lead ; 
the precipitate washed quieltly with alcohol, dried hy watfli--bath 
and weighed. Pb(C,H,0,), : 2C,H,0, : : 457 ; 253 ; : 1 : 
0.55143, 

16. QUnrOTAlTKIO ACID. Cinchotannio acid. Kino- 
taunic acid. — Sefr-Tannic acids (13) for appearance, taste, solu- 
bilities, and reaction^;!with alkalies and with iron salts. It pre- 
cipitates tartrate of antimony and potassium only in concentrated 
solutions. In oxidation with alkalies it forms a red-brown color, 
due to cinchona-red, which dissolves in alkalies and in acetic acid, 
but not in water. Concentrated siilphurie acid changes quino- 
tannie acid to cinchona-red and glucose. In dry distillation, 
phenic acid is formed, recognized by the odor. Quinotannic acid 
is removed from solution by acetate of lead, and from its lead 
precipitate by hydrosulphuric acid. For separation from Cin- 
chona bark, see under Quinic Acid, d. 

17. CATECHUTAKNIC ACOD. Has the properties of 
tannic acids in general, giving a grayish-green precipitate witli 
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ferric salts, and distinguished by not precipitating tartrate of 
antimoDj and potasaium. It softens when heated, and by dry 
distillation yields an empyreumatic oil. The product of its 
atmospheric oxidation in yr&tet is red. 

Catechutamiic acid is separated from Catechu as follows: 
The aqueous infusion of catechu ia heated with dilute sulphuric 
acid and filtered ; the filtrate treated with concenti-ated sulphuric 
acid to precipitate the acid sought ; the precipitate is washed ort 
a filter with dilute sulphuric acid and pressed between paper. It 
may then be dissolved in water ; the solution treated with car- 
bonate of lead and filtered ; the filtrate evaporated in vacuo. It 
may be farther purified by dissolving in alcoholic ether and 
evaporating ofi' the solvent. 

18. CATECHUIC ACID, Cateehueic acid. Catcchin. 
Tanningenic acid, — A white, tasteless powder, or in fine, sillty 
needles, melting at 217° C. (423° F.), and in dry distillation 
yielding an empyreumatic oil. Very slightly soluble in cold 
water, soluble in three parts boiling water, moderately soluble in 
alcohol, sparingly soluble in ether. With alkalies and metallic 
salts, and as a reducing agent, it gives the reactions of the (iron- 
green) Tannic Acids, from which it is distinguished by Dot giving 
precipitates with tartrate of antimony and potassium or with 
allialoids, or with gelatin (the last-named being a distinction 
from catcchutannic acid). With strong sulphuric acid it fonns 
a deep purple liquid, 

Catechuic acid may be separated from oatechutannic add 
and the other consfitumta of catechu by its sparing solubility 
in cold and ready solubility in hot water. Bengal catechu is 
digested twenty-four hours in cold water, and the (slightly 
washed) residue is then exhausted with boiling water. When 
the solution cools, a yellow deposit of catechuic acid appears. 
This is washed in cold water. It may be decolorized by hot 
filtration through animal charcoal, It is dried on bibulous paper 
by aid of the air-pump. 
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19. MOHIWTAHTTIC ACID. C,^H„0,. Capable of 
crysUlIizatioii ; yellow, with great tinctorial power, and of an 
astringent, sweetish taste. Melts at 200° C, and at higher tem- 
peratures distils phenic acid. In reactions with alkalies, oxidiz- 
ing agents, gelatin, tartrate of antimony and potassium, iron 
salts, etc., it behaves like other Tannic Acids (18). With ferric 
salts it gives a greenish precipitate ; with acetate of lead a yellow 
precipitate ; with sulphate of copper a yello wish-brown precipi- 
tate ; with stannous chloride a yellowish-red precipitate. 

It is separated from FusHe liy spontaneous deposition from 
the concentrated decoction, 

20. OAFPBTAIIHIO ACID. Cafieotaniiic aeid. Has in 
general the physical properties of the Tannic Acids, but is not 
incapable of crystallization. It melts when heated, and then 
gives the odor of roasted coffee, and in dry distillation yields 
oxyphenic acid as an oil which solidifies in the cold. 

With fixed alkalies in solution it tunia yellow to reddish-yel- 
low, by oxidation ; with ammonia, forma a gi-een color, due to 
viridic acid, which, when neutralized, gives with acetate of lead a 
blue precipitate. Warmed with concentrated sulpliuric acid, it 
dissolves with a blood-red color. Distilled with dilute sulplinrlc 
acid and binoside of mangranese, it evolves quinone — a pungent 
and iiTitating vapor, condensing to a golden-yellow to dingy- 
yellow, crj-stailizable substance, heavier than water, in which it 
is hut slightly soluble when cold. 

Caffetannic acid gives the green color with ferric salts. It 
reduces nitrate of silver, in the specular form, when heated. It 
is distinguished from the larger number of Taamic Acids by not 
producing precipitates with tartrate of antimony and potassium 
or with gelatin, but it precipitates cinchonia and quinia (distinc- 
tion fi;om Catechuio acid). It gives a yellow precipitate with 
baritun salts. 

By gradual addition of aeetate of lead, in decoction of coffee, 
it is precipitated next after (the very little) citric acid. Decom- 
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posing tine precipitate with hydrosulphimo acid, ."uiti evaporating 
the filtrate, it is obtained in impure, yellowish mass, 

21. BOHBIG ACID. C,H,„0„. Boheatannic Acid. Amor- 
phous, palo-j-ellow solid, cakitig by exjKisuro to the air, melting 
at 100° C, to a waxy mass, very solulile in water and alcohol. 
l!oth aqueous and alcoholic aolutioaa gradually decompose by 
evaporation in the a It lo s ferric salts brown. With 
baryta, in alcohol 1 t t forms a yellow precipitate, 

BaCjHjO, . H,0. T\ th a tate of lead, in alcoholic solution, 
it forms a grayish-\^h t j j tat PbCjHjOj . HjO, which can 
bo washed with alcol 1 and d d t lOO" C. 

It is separated from the quercitannic acid, in black tea, by 
precipitating the latter with acetate of lead in the boiling decoc- 
tion, filtering ; after twenty-four hours filtering again, and neu- 
tralizing the clear solution with ammonia, when the yellow basic 
salt is , precipitated, PbO.PbC,HjO„. The latter may he 
decomposed in alcohol by hydro sulphuric acid, and the filtrate 
concentrated in vacuum or over oil of vitriol. 

23. GtmSTC ACID. C,H,,0,. Kinic imi.—^xlentified 
by its physical properties and reactions («) ; by its gcEeratiou 
of quiuono (&) ; by its reafitiona with a few metals (e). — 
Separated from cinchona bark, by crystallization from a solution 
freed trom quinovio a«id ((?) ; from oinehona bark, coffee, or bil- 
berry, by precipitating its calcium salt from a sufficiently purifiefl 
solution by adding alcohol (e) ; from substances forming insoluble 
compounds with neutral acetate of lead by the solubility of its 
normal lead salt, — Determined gravimetrically as calcium 
salt (c). 

a. Colorless, monoclinic prisms or prismatic tablets, melting 
at 161" C. (333° P.), at higher temperatures evolving combus- 
tible gas, phenic acid, hydroquinonc, etc. It is freely soluble in 
water, slightly soluble in alcohol, nearly insoluble in ether. Its 
solutions have a sour taste and redden litmus. It is deliquescent. 
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h. Distilled with moderately dilute sulphuric acid and 
binoxido of manganese, it yields on abundant yellow ciystallino 
sublimate of quinone, recognized in Tery small ijuimtitiea by its 
irritating odor, exciting tears, iFarther, aq^ueons solution of 
QuiHone is colored brown by ammonia, and yellow-green by 
chlorine watpp ; it stains the skin brown. 

c. Quinic acid decomposes carbonates. It-s metallic salts are 
soluble in water, except the basic quinate of lead, but are inaolu- 
ble in alcohol. Ifc pre%'eiits the precipitation of many metallic 
oxides by alkalies. Quinate of silver is white, and bears the 
heat of the water-bath. The guin€tte of calcium crystallizes 
well from water soIutioK as Ca(C,Hj,0,), . SH^O, which loses 
all its water of crystallization at 120° C. (248° F.) Or, it may 
be precipitated from solution of alkaline quinates by adding 
chloride of -calcium, ammonia, and alcohol. The basic qninate 
of lead is precipitated by adding, to solution of alkaline quinate, 
basic acetate of lead, or normal acetate of lead with ammonia. 
It is somewhat soluble in solution of basic acetate of lead. It 
is variable and instable in composition. 

d. The aqueous solution obtained by macerating eitiohona 
baric two or three days (and from which the alkaloids may have 
been i-emoved hy acidulating with hydrochloric acid and ihen 
adding au excess of soda and, after a few houi-s, filtering) is 
treated with solutioa of acetate of lead to precipitate the quino- 
vic and quinotannic acids, and filtered. The fdtrate is evaporated 
to a syrupy consistence, to crystallize the quinic acid. 

If it be desired to separate the Quinovic acid, the solution of 
acetate of lead (as above) is not added to complete precipitation, 
and the precipitated quinovato of lead is decomposed, in water, 
by adding very dilute sulphuric acid, drop by drop, with great 
care, to avoid excess. The precipitate being removed, the filtrate 
is concentrated for crystallization of the quinovic acid. 

If the Quinotannic acid is to be obtained, the precipitation by 
acetate of lead is left incomplete, as directed next above, and the 
filtrate concentrated as previously directed for quinio acid. 
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With tlie crystals of qiiinic aoid there will now finally deposit 
amorphous or oily quinotannie acid. This may be separated ty 
washing with ethe'r ; on evaporation of the ether the quinotannie 
acid is obtained. [Thesis of K.M, Cotton, Univ. of Mich.,1874.] 

e. After precipitating the alkaloids from decoction of cin- 
chona baric with lime, according to the United States Pbarma- 
copceial preparation of quinisa sulphas, the filtrate is concentrated 
to a small hulk, filtered if necessary, and then alcohol is added 
to precipitate quinate of calcium. Or, the filtrate is concentrated 
to a soft solid, washed repeatedly with alcohol, and dissolved in 
enough water to allow the quinate of calcium to crystallize. 

Fresh bilberry plant (vaccinium myrtillus), collected in 
May, is boiloci with water and lime ; the solution is evaporated, 
and alcohol added to precipitate the quinate of calcium, which 
requires purification by recrystallization from water. 

Thoroughly dried or moderately roasted cofee beans, coarsely 
powdered, are exhausted by boiling with water ; the decoction, 
mixed with milk of lime, is concentrated, filtered, evaporated on 
a water-bath to a syrup, and precipitated with alcohol as above. 

The guinaM of calcium obtained from any of the above 
sources may be purified from, tannic acids and some coloring 
matters by adding solution of neutrtil acetate of lead to the 
aqueous solution of quinate of calcium, filtering out the lead 
precipitate, and removing the excess of lead from the filtrate by 
bydrosulphurio acid, when the last filtrate may be concentrated 
to crystallize. Quinio acid may be obtained from qumate of 
calcium by precipitating the aqueous solution of the latter by 
basic acetate of lead, and removing the load from the precipitate 
by hydrosulphurie acid, 

23. QTmrOVIC ACID. C,„H„0,. Kinovic Acid. 
^inovin or Kiiiovin. Quinova bitter or Kinova bitter, — An 
amorphous solid, having a very hitter taste, nearly insoluble in 
water, very soluble in alcohol, slightly soluble in ether, soluble 
in chloroform. (According to Da Vitu, chloroform dissolves 
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from "quinoTa bitter" a portion whicli he dGsignates aa 
" quihovin," leaving " quinovic acid " insoluble in that menstruum 
and little soluble in alcohol.) Dry hydrochlSrio a«id gaa, acting 
on a strong alcoholic solution of quinovic aoid, transforms the 
latter into an a«id and a sugar. The new acid has very nearly 
the same solubilities as the original acid, but a different compo- 
sition (CjjHjgOj, and forms definite salts with metals. 

Quinovic aoid forms a soluble calcium salt, and hence it is 
dissolved froin cinchona hark by boiliBg with milk of lime. 
From the solution, sufficiently concentrated, hydrochloric acid 
separates the quinovic acid, insoluble in water. It may bo 
purified by crystallization from alcohol, or by repeated precipita- 
tion from alcohol by water. For the separation of quinovic, 
quinio, and quinotannic acids, each from the same portion of 
bark, see Quinio Aoid, cl. In the mannfiictnre of cinchona alka- 
loids, the acidulation of the water by which the decoction is 
made interteres with the solution of quinovic acid, which may be 
at least partly left in the residue. 

24. COLTJMBIG ACID. 0,^H„0„. ColomMc acid.— An 
amorphous solid, precipitated iu white flakes, left as a yellowish, 
vamish-like residue on evaporation of its solutions. It is soluble 
in alcohol, nearly insoluble in water or ether, its solution being 
markedly acid. It is precipitated by neutral acetate of lead, as 
(Pl30)j(C„HjjO,,), when dried at 130° C. Acetate of copper 
does not precipitate it. 

In eolumbo roof, columbic acid probably exists in combination 
with berberina and perhaps also with inorganic bases. It can be 
separated by exhausting alcoholic extract of columbo with water 
or lime-water, and precipitating with hydrochloric acid. 

35. GENTIAHTC ACID, C,jH,„0,. Gentisic acid. Gen- 
tianin. Gentisin. — Light-yellow, tasteless, solid, crystallizing in 
slender needles, not decomposed at 200° C, but carbonizing with 
partial sublimation at 300° to 400' C. It is soluble in 36 pai-ts 
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\MiXcv at ordinal^ ttmpeiature, leadily soliiljlo hi alcohol, and 
modoiately 80 m etiifi Its solutions ire neutral to litmus. It 
di&sohes m aqueOfffl tilkalies with a golden-yellow color. Strong 
sulphuric acid dissolves it yellow Nitiic aeid, of specific gravity 
1 42, and colotless, dissolves it green, on adding water, a green 
powder, d nitrogentuuuc acid, is piecipitated. This, on addition 
of alkalies, assumes a fine cheiry color Chlorine forms a yellow 
precipitate m alcoholic solution of gentianic acid. The barium 
salt, Ba C|,HjO, H,0, is an oiange colored precipitate. The 
lead salt is lusolulile. 

Gentianio acid is separated from gentian root as Ibllows : 
The powdered root is exhausted of gentian-bitter by cold water ; 
then pressed, dried, and exhausted with strong alcohol, and the 
alcoholic solution evaporated nearly to dryness. The residue is 
washeU with a little ether to remove fat, and repeatedly crystallized 
from alcohol to separate from rosin. 

26. CABMINIC ACID. C,H,„0,. Carmine.— A purple 
amorphous solid, fusible but not decomposed at 136° C, ; soluble 
in all proportions in water and alcohol, and in sulphurio and 
hydrochloric acids without alteration, the solutions having a 
bright purple-red color. Ether does not dissolve it. — In alco- 
holic solution it precipitates alcoholic potassa red changing to 
dark violet, and forms red precipitates with acetates of lead, 
ziftc, copper, and silver. It is turned blue by sulphate of ahimi- 
rnrni, and yellow hy stannoug chloride. — Cai'minic acid is a 
glucoside, boUing dilute mineral acids transforming it into 
carmine-red and sugar Carmine red in mass is purple red with 
a green reflection, soluble in water and m alcohol with led color, 
not soluble in ethei 

Carminic aeid is teparated fiom Cachintal by exhaustion 
with boiling watei , the solution precipitatt 1 by adding slightly 
acidulated subacetate of lead shoit ot e\cess, the pieeipitate 
washed with water till the washings give no precipitito inth 
mercuric chloride then d( eomposed bj hjdrosulphiuio leid and 
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liltoi-yj. I'iic filtrftto is evaporated and cii'ied on tlie WLiter-LaUi, 
and the residue extracted with alcohgl. 

27. CHETSOPHAJSTC ACID. Chrysophaiie. Eheic 
Acid. — A pale yellow oi' oi-auge-yellow solid, crystallizing m six- 
sidod tahlea or mossdiko a^regates of scales, subliming with 
partial deeompositioa when heated. — Sparingly soluile in cold 
water, soluble in l,l!i5 parts of 86 per cent, alcohol at 30° C. 
(86° F.), or 224 parts of the same alcohol hoiliug, soluble in 
ether, benzole, and turpentine oil, the solutions having a yellow 
color. — It dissolves in aqueous alkalies with a very deep pui-ple 
color, recognized in very dUuto solution; tlie potassa solution 
upon evaporation deposits violet to blue flocks, which dissolve in 
water to a red solution. — It docs not foiin stable salts. In alco- 
holic solution with alcoholic subacetate of lead it forms a reddish- 
white precipitate, becoming roae-red when boiled with water. In 
ammoniacal solution it is precipitated lilac by neutral, acetate of 
lead, and rose-color by alum. — Strong sulphuric acid dissolves it 
unchanged; strong nitric acid converts it into a red substaiice, 
containing chrysammie acid (produj3ed from Aloes by nitric acid). 

Chi'yaophanic acid is separated from Rhubai^ by exhausting 
the powdered root with alcoholic ammonia, precipitating with 
subacetate of lead and decomposing the lead compound by 
hydvoaulphuric acid. From the Wall Lichen (^Pamielkc 
parieiiniz), the alkaline solution obtained as above is precipitated 
by acetic acid, the precipitate washed with water, redissolved ia^ 
alkali and reprecipitated by (hydrochloric) acid. !From the 
Rumex, an ethereal extract is obtained, and repeatedly dissolved 
in alcohol and precipitated by water. A method of purification 
is to dissolve in boiling absolute alcohol and crystallize, 

28. GAMBOGIC ACID. A resinous solid, hyacinth-red 
in mass, yellow in powder. Insoluble in water, soluble m 
alcohol, other, chloroform, bisulphide of carbon — its soiutions 
showing the yeilow color when very dilute, and having a strong 
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acid roaction. It dissolve-i ia the aqueous alkalies, with red 
color, and in solutions of fixed allcalitie carbonates with expulsion, 
of the carbonic anhydride. From alkaline solutions it is preci- 
pitated yellow by acida. — The solution of gambogiate of ammo- 
nia forms with barium salts a red precipitate; with zinc salts, 
yellow ; lead salts, reddish-yellow ; silyer salts, brownish-yellow ; 
and copper salts, brown precipitates, — It is bleached and decom- 
posed by chlorine, and decomposed with formation of nitrophenie 
acid by nitric acid. It is dissolved with red color by cold con- 
centrated sulphuric afid' addition of water precipitating it 
luichangcd. 

29. SAWTALIC ACID. Santalin.— A line red, tasteless, 
and odorless erystallizable solid, melting at 104° C. Insoluble 
in water, vei-y soluble in alcohol, soluble in ether — the solutions 
haying a blood-red color and acid reaction. Soluble in aqueous 
potassa, or ammonia, forming violet solutions, which precipitate 
alkaline earths. — The 'aleohoiic solution precipitates lead salts, 
but not salts of barium, silver, or copper. The lead and barium 
salts are violet, 

Santalic acid is separated from Sandal-wood (red saundei-s) 
by obtaining, first, an ethereal extract, then from this an alcoholic 
extract, which is washed with water, dissolved again in alcohol, 
and precipitated therefrom by alcoholic solution of acetate of 
lead. The lead compound is washed by alcohol, then decom- 
posed in alcohol with dilute sulphuric acid. 



SOLID VOLATILE ACIDS. 

30. BENZOIC ACID. HC,H,0,. Identijled by its phy- 
sical properties, especially in sublimation (a) ; by its oxidation 
to nitrobenzole (i), and its deoxidation to bitter almond oil (o) ; 
by its reactions witli metallic salts {<T). -^Distinguished from 
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Ciiinamic acid by the action of permimganate upon the latter 
(see 31, h); from Hippuric acid by distillation with potassa; 
from Salicylic acid by the color of its ferric salt {d). — -Separated 
from non-volatile and highly volatile substances by siibbmation 
{«) ; from Succinic and many other acids by the alcohol solubdity 
of its baiium salt (d) ; frotti Succinic and Hippuric a«ids by its 
solubility and extraction from water solutions by chlotofoun or 
ether (c) .-^GravimetricaJly determined as lead salt {e) 

a. A white solid, crystallizing in lustrous scales or fiiable 
needles ; odorless when pure, but frequently found having odor 
of benzoin, and rarely a urinous odor, of an acid and wann taste, 
and a strongly acid reaction. It is soluble In 200 parts of water 
at 15° C. (59° F.), in 20 parts of boiling water, in 3 parts of 
cold alcohol, in 95 parts of ether, in 1 parts of chloroform, and 
readily soluble in bisulphide of carbon, benzole, petroleum 
naphtha, and in fixed and volatile oils. Most of the benzoates 
are soluble in water, and many of them are soluble in alcohol. 

Hydrochloric acid precipitates benzoic acid from solutions 
of benzoates, excess of the reagent not afiecting the water solu- 
bility of benzoic acid as already given. Sulphuric a*id dissolves 
benzoic acid. Benzoic acid decomposes carboiiates. 

Benzoic acid melts at 121° C. (250° F.), and suilimes at 
240° to 250° C. (464= to 482" F.) The vapors cause a sense of 
irritation in the throat and coughing. When slowly condensed, 
the sublimate is crystalline in minute needles Benzoates heated 
with phosjhoiic acid evolve benzoic acid — When mixed with 
3 paita slaJ^ed lime and heatel gradually m i rt-tort, benzole 
(IIQ) IS distilled 

b If benzoic acid is boiled w ith concentrated nitric acid, the 
mixture evaporated to a small bulk ind then 'tioigly heated in 
a test-tube n trobertzole (120) la evolvtd and ■will le recognized 
bj its olor of bitter almond oil 

c "^hen benzoic a«id di&sobel ci suspended in water, is 
V armed ■with i slip ot metallic magnesmm and very slightly 
acidulated \Mth sidphuiu, atil so thit hvdio^en is evolved, 
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bitter almond oil (benzoyl hydride, C^E^OH) is produced, and 
reeogaized by its odor. 

d. Basic ferric chloride solution precipitates benzoatos almost 
completely, as a flesh-colored basic benzoate (ferric Salicylate is 
blue Tiolet). — Acetate of lead and nitrate of silver give precipi- 
tates in solutions not too dilute. — Ammoniacal chloride of 
barium with idcohol gives no precipitate (distinction aad separa- 
tioa from Succinic and many other acids). ISagnesiiim benzoate 
is also soluble in alcohol (Succinate insoluble in alcohol). 

Quantitativ'e. — e- Benzoate of lead, precipitated from neutral 
tenzoato by acetate of lead, washed with cold wat«i- or alcohol 
acidulated -with one-half per cent, of acetic acid, and dried at 
100°, C, may be weighed for determination of benzoic acid: 
Pb(C,H,0,), ; 2aC,H,0, : : 1 : 0.54343. 

31. CIH-NAMIO ACID. HC,H,0,. Charaetenzed by its 
physical properties and reactions in the dry way (a) ; its reac- 
tions with oxidizing agents (i) ; its reactions with metallic 
salts (c). — Distinguished from benzoic acid by action with 
oxidizing agents (5), by the color of its ferric salt and by its 
precipitate with mangauous salts (c). — Separated from non-vola- 
tile substances by sublimation (a) ; from substances soluble in 
water and in dilute acid by precipitation of cinnamates by acids 
(a) ; from substances insoluble in ether by the action of that 
solvent; from benzoic acid by manganous precipitation (c). 

a. A colorless solid, crystallizing (from vapor or solution) in 
moaoclinic prisms or laminje, melting at 129° C. (204° F.), 
vaporizing at about 300° C, (572° F.) It is very sparingly 
soluble in cold, moderately soluble in boOing water, freely 
soluble in alcohol and in ether. The cinnamates of the alkali 
metals are soluble in water, those of the aliialiiie earthy metals 
sparingly soluble, the other cinnamates mostly insoluble, the 
silver salt nearly insoluble. 

It is precipitated by water from its alcoholic solutions, and by 
hydrochloric acid from water solutions of its salts of alkali metais. 
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Mheit '.lowlj diatilled, ciiinamie acid mohes cmnamene, 
hv- mg a persistent aromitic odor resembling tliat of benzcle and 
naphthalLno togethei Cinn^mates snlijected to drv distillation 
emit the odor of feitter almond oil 

5 A saturated hotwatei solution, icidulated \Mth sulphuiic 
icid 16 treated ^Mth a few cubic ccntimetiLS of a onepireent 
srlutioii cf permanganate of potassium and warmed a few 
minutes It cinnamic icid is present, the oloi of bittei dlmoBd 
oil becomes appartut — Kitnc afiid with gentle heat, peroxide 
of lead m boding solution, diromate and sulphuric acid with 
heat, evolve bitter almond od (hjdiidc of benzojl) tmm ciiini 
mic aflid — in most cises with simu'tajieous prodiiLtion ot beuzoio 
acid. — Cinnamaies with stiong nitrio aoid gi^e oif odoi of 
cinnamon oil and bittei almond oil 

c. Perrio salts with cinnamates gue a yellow piecipit'ite, 
manganous salts ^iith excess of cimiamates gne a vshite pieoipi 
tate (none with henzoites) , copper ■■'ilts, igieemshhlue piecipi 
tate; acetate of lead, a^iecipitate not soluble in water, Pb 
(C,H,0,),, from which alcohol washes out a part ot the cinnamic 
acid ; nitrate of silver, a stable white precipitate, AgCjH,Oj,. 
iusoluble in boiling water ; baric and calcic salts, precipitates, 
easily soluble in hot water, 

32. SUCCINIC ACaD. H,0,,H,0,. Gharacterlzed and 
identified by its physical properties (a) ; its resistance to oxida- 
tion (5) ; its reactions with iron, manganese, lead, barium, 
calcium, etc. (c)., — Distinguished from cinnamic acid by the 
color of its iron salt and by not precipitating manganous salts 
(31,/), — Separated from non-volatile materials by sublimation 
(a) ; from benzoic acid by insolubility of its barium salt in 
alcohol (SO, cT), and by its insolubility in chlorofoi-m or ether ; 
from cinnamic acid by the solubility of manganous succinate 
(30, c). — Determined by extraction with ammonia from the 
ferric succinate {d). 

a. Crystalliiio in the mouoclinic system, gonci-ally rhombic 
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or hexagonal plates. At 130° C. (266° E.) it begins to emit 
suffocating vapors, at 130° C. (356° J.) it melts, and at 235° C. 
(455° F.) it sublimes as succinic auhydride (C,HjO,), which 
melta at 120° C. (248° F.) The suceiiiie acid of commerce has 
usually more or less of yellow to brown color, and of the cm.py. 
reumatie and slightly aromatic odor of oil of amher ; when 
pure it is white, and at ordinary temperatures odorless. Suc- 
cinic acid is soluble in ^bout 13 parts of water at ordinaiy tem- 
peratures, in 2J- parts of hot water, in 30 parts of cold or 20 
parts of boiling alcohol, sparingly soluble in ether, not soluble 
in chloroform or benzole. — Succinic an/iydride is more soluble 
in alcohol, but less soluble in water than tlio acid. — The sued' 
natet of the alkali-metals and magnesium are soluble in water;, 
of the altaliae earth-metals, and of most other metals in diatomic 
salts, sparingly soluble ; ferric succinate, insoluble. 

5. Nitric acid, chromic acid, and chlorine are without action 
upon succinic acid. Cold permanganate solution does Hot affect 
free succinic acid, but with free alkali oxalic acid is formed with 
deposition of binoxide of manganese. 

e. Ferric chloride,. better if slightly basic, precipitates from 
solutions of anecinates a brownish-red bulky precipitate of basic 
ferrio succinate .^-Mai^^ous salts do not precipitate succinates. 
— Acetate of lead and nitrate of silver, each, give white precipi- 
tates of normal succinates slightly soluble in water. — Ammoniacal 
chloride of barium w h al ohol p od oes a -white p e pitate 
even in dilute soli t o s 

QrUantitative — ? Tl e feiT c s nate s prec p tat d from 
dilute solution of suce nate 1 y ad 1 of fe r c chlo le then 

acetate of sodium excess ad le sffietin onia to 
nearly or quite -neutr 1 ze the m xtu c AiW boil g one fourth 
of an hour, the precipitate is filtered out and washed, tlieu boiled 
with excess of a five per cent, solution of ammonia and filtered 
and washed with ammoniacal water. The fdtrato is evaporated 
on the water-bath until it ceases to lose weight, and weighed ^s 
HTIjHCjHp^. Or, for greater exactness, tMs salt while in 
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solution is treated with a weighed quantity of recently calcined 
m^nesia, and the mixture evaporated and dried at 150" C. 
{302" F.) The increase of weight represents the succinic 
anhydride. 

33. SALICYUO ACID. 0,H,0,. (In most salts of this 
acid one atom of hydrogen, in a few salts two atoms, are replaced 
by metals.) — Crystalline, in monoclinio four-sided prisms or slen- 
der needles. Melts at 126= to ISO^C: (257° to 303T.) and 
sublimes at about 200° C. (392° F.) Its vapor causes irritation 
in the throat ; it has a sweetish-sour taste. It has a decided acid 
I'eactioh upon test-papers. — It is slightly soluble in cold, moder- 
ately soluble in hot water, freely soluble in alcohol and in other. 
— The salicylates of the alkali, metals are iasolublo in water ; 
those of the alkaline earth metals sparingly soluble (that of cal- 
cium least) ; many of those of other metals not soluble. The 
dimetallic salt? are less sc^uble than the monometallic. — With 
fen'ic salts, salicylic acid forms a deep violet color. 

Distilled or heated with methylic alcohol and concentrated 
salplmrio acid, salicylate of methyl is evolved, having the odor 
of wintcrgrccn oil. '■-■\ ^■")'^ <','■'- , 

34. VEEATRIC ACID. C„H„0^. Crystallizes in slender 
spceulw or four-sided prisms, whicli effloresce at 100° C. and melt 
at a higher tempe at th subl miug without decomposition. 
It is sparingly lubl Id f ly in hot water, soluble in 
alcohol, insol bl n tl — th s lutions having a slight acid 
reaction. TI alkal at ates a e soluble in water and crys- 
tallizablej'tl load a d 1 salt inaoluble. It dissolves in 
concentrated mtno acid, and when this solution is diluted it 
deposits nitroveratric acid, soluble in alcohol, from which it crys- 
tallizes in yellow laminae. 

Veratric acid is separated frmn sehadiUa seeds (veratrum 
sabadilla) as follows : They are exhausted with alcohol acidulated 
wttli sulphuric a*i, the solution is precipitated with milk of lime 
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and filtered, ilio filtrate — coHtaining veratrato of calcium — is con- 
centrated, treated with hydrochloric acid, and loft in a cold place 
to crystallize. The crystals may be purified by dissolving in 
alcohol, and filtering through animal charcoal. 

85. PHEHIC ACID. HC„H,0. Purified Carbolic acid. 
Phenol. Phenylic alcohol, Coal-tar ci'eosote. — Gharaotertsed 
and id^iMfied by its physical properties {a) ; by its reactions 
with nitric acid (S), with ferric salts (c), with bromine (d) and 
chlorine (e), as a' reducing agent (/), and with sulphuric acid 
(ff). — DistinffuisheS irom Ci-eoaote by reacting with ferric salt 
in more dilute solution (c), by gelatinizing collodion, by greater 
solubility in ordiiimy glycerin, in bisulphide of carbon, and in 
ammonia water, and by crystallizing when pure (a). — Separated 
fi-om Cresylic acid and other constituents of crude carbolic acid 
or from Fats by its greater solubility in water (A) ; from solu- 
tion (in a greater quantity of) water by saturation with common 
salt (i) ; from admixture with (a smaller quantity of) water or 
with other substances by treatment with chloroform or bisulphide 
of carbon (J) ; from Creosote, in part, by solution in water (h) ; 
from soaps by successive treatment with acid, water, and chloro- 
form (k) ; tmm fixed and volatile oils by hot water. 

a. Phenic acid is a colorless-white solid, crystallizing in long 
needles of the trimetrio system, melting at 34° to 41° C. (93° to 
106" F.), and distilling at 182° to 186° C. (359° to 367° P.) It 
has a sti'ong and persistent odor, resembling creosote but some- 
what aromatic, a biting taste, and (when concentrated) a bleach- 
ing and shrivelling effect on the skin. It does not re4iden litmus. 
— It is soluble in 20 parts of water at ordinary temperatiy^s, and 
dissolves two or three per cent, of water, being thereby liquefied 
— Whence is deliquescent in the air. It is soluble in all proportions 
of alcohol, ether, chloroform, bisulphide of carbon, and glycerin 
(absolute or ordinary) ; in 20 parts of benzole ; readily soluble 
in fi.\ed oils and many volatile oils, and in aqueous solutions of 
potassa and soda. — The last-named mixtiire# or compounds, 
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m n rm a n of definite proportions, but 

y b d b 1 alcohol and ether, Phenio 

ac d d aib tes, but mixes with aqueous 

Ic b la es — albumen and gelatin and 

collodioa ( g on) . 

5 r 'I P ( ^ fragment) of the matei'ial to 

be tested add a drop or two of concentrated nitrio acid. Then 
add a slight excess of potassa, and if color has appeared dilute 
with water. The yellow color of nitrophenio acid (36, «) is 
apparent in 10,000 parts of water ; of the potassic nitrophenate 
in 50,000 parts of water ; the column having the depth of half 
an inch.* The nitrophenie acid may be extracted from water by 
benzole or other. 

C. Very dilute solution of ferric chloride gives a blue color 
with aqueous solution of phenic acid — the color being pei-manent 
(distinction from that of Morphia), but destroyed by boiling 
(distinction from that of Tannic acid). Oxalic acid destroys the 
color, and many organic substances prevent its foi-mation ; it ia 
not extracted by benzole or chloroform. 

In this test, the result is distinguished from a similar one with 
Creosote by the following precautions (Fluckigek) : 1st, take 
1 part of sohxtion of ferric chloride of specific gravity 1.34, 
and 9 parts of the liquid to be tested {with pure carbolic acid 
the mixture lias a yellowish hue; with pure creosote, no color). 
2d, add 5 parts of 85 per cent, alcohol (with pure carbolic acid, 
a clear brown liquid; with pure creosote, a green solution). 
3d, add 60 parts of water ; with pure creosote, the result is a 
dingy bro^vnish color ; if phenio acid is present, a fine blue color 
appears. 

d. Bromine water gives a yellowish-white precipitate in even 
■vcs^ dilute solutions of phenic acid (the same with Creosote). 

c. Chlorine gas (from chlorate of potassium and hydrochloric 
acid) forms a deep yellow color — chloride of phenyl. 

* Prescoxt: Fi-oceedingB Am, Pliar. Asso., xix.,550,ond Cliem. Nowa, 
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f. (Ukaline cupric solution is not reduced liy (pure) pheiiic 
acid (is reduced by crude " carbolic acid"). Mercury and silver 
salta ai'e only slowly reduced by boiling witli phenic acid {are 
reduced by impure). 

Permai^anate solution is reduced by pure phenic acid, in 
solutions acid or alkaline, with separation of binoxide of 
manganese. 

ff. With sulphuric acid — equal parts of the coacontrated 
acids at SOO" C. for a quarter of an liour furnishing the best 
result — Sulphophenic a«id is formed (37). 

Quantitative. — h. Crosylic acid and other admixtures (as 
fats) nearly or quite insoluble in water may be approximately 
separated and determined by solution with 20 pai'ts of watei. 
In a cylindric-al graduate of J litre (or larger) capacity, place 
10 c.c. of the carbolic acid or mixture under examination, add 
200 c.c. of water, j^itate, and set aside. Read from the bottom 
the number of c.c. of impurities. 

i. Phenic acid may be approximately separated from water 
solution by adding oMoride of sodium as long as the latter dis- 
solves. If the operation be performed in a cylindrical gi'aduate, 
as above, the layer of phenic acid is read fi'om the top. 

j. Phenic acid may be approximately deprived of ^-ater and 
the amount of the latter ascertained by mixture with chloroform 
or bisulphide of oarbon. In a gi-aduate of a little more than 
20 CO. capacity (a test-glass or test-tubo may he graduated for 
the purpose), place 10 c.c. of the phenic aoid under examination 
and add 10 c.c. of the chloroform or bisulphide of carbon, agi- 
tato, stopper, and set aside a few hours. Read off from the top 
the amount of water separated. — Phenic acid may be separated 
from various mixtures in the same maimer; for this pm^ose the 
mixture should be made neutral to test-paper, if not so already. 
The chlorofonn or bisulphide of carbon may be removed by 
evaporation in a warm place. 

k. In separation of phenio acid from soaps, the latter is 
decomposed by digestion ivith dilute siilpjnn-ic acid and hot 
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wlieu cold, the fiit acid is separated, by use of a wefc filter 
uid washed witii water ; and the water solution and 
washings exhausted with chloroform. The chloroform may he 
distilled from the phenic acid, and if necessary the distillation 
repeated. 

Se. mTROPHEIiriC acid. HC„H,(W0,),0. (Xrinltro. 
phenic acid.) Trinitrophenol, Carhazotic acid. Picric acid. — 
Jxhniified by its physical properties, especially its Intense color- 
ing effects (a) ; its precipitation of alkaloids (b) ; its reactions 
with special reagents (c). — Separated from water solutions by 
extraction with chloroform, etc. (a) ; by crystallization as a 
potassium salt ((^, — Determined as salt of <»nohonia (e). 

a. In bright yellow crystalline scales or in octahedi-ons of the 
trimetrio system. It melta when slowly heated and afterward 
sublimes; when quickly heated it explodes. It has a very bitter 
and somewhat acrid and sour taste, and when heated a suffocating 
odor and effect. It reddens litmus. 

It is soluble in 100 parts of water at 15° C. (59° F.) and in 
35 parts at 80° C. (176° F.), less soluble in water acidulated 
witli mineral acids, and freely soluble in alcohol, ether, ehloro- 
form, benzole, petroleum naphtha, and amylic alcohol. These 
solvents, which are not miscJble with water, remove nitrophenie 
acid from water by aid of aeidulation with sulphuric acid. The 
solutions have a yellow color, perceptible when very dilute ; 
except solutions iu benzole, petroleum naphtha, and dilute sul- 
phuric acid, which are colorless. 

The colorless as well as colored solutions stain white paper, 
and more permanently stain the skin and fabrics of nitrogenous 
composition. 

The normal metallic picrates are all soluble in water, that 
of potassittm being one of the least soluble, and requiring 260 
])ari:s of cold or 14 parts of boiling water for solution. This salt 
is insoluble in alcohol, — ^Many of the picrates ex^ofh more 
violently than the free acid, and osidizable agents in intimate 
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contact facilitate explosion, whicli may occur by trituration or 
pressure. 

5. Solution of salts of most of tjie alkaloids precipitate nitro 
phenic acid or its soluble salts — the cinchona alkaloids, the opium 
alkaloids, except morphia and pseudomorphia, the atrydiiios 
allcaloids, veratria, berberina, colchicia, and delphinia, oeing fully 
precipitated from solutiou even when dilute and well acidulated 
with Bulphurio acid. Morphia is precipitated from moderately 
concentrated solutions having little or no free acid. The preci- 
pitates are yellow, and are dissolved by hydrochloric acid. 
Compai-e 135, e. 

c. With nmmoniacal cuprio sulphate solution, nitrophenie 
acid forms a green precipitate. — Potasaio cyanide, or potassic 
sulphide, or gi-ape sugar, with nitropheiiic acid and excess of 
potassa, in hot solution, gives a blood-red solution (yellow when 
greatly (Uluted) from formation of isopiiipurate of potassium 
(the crystals of. which are green by reflected light) . — If ferrous 
sulphate is boiled in solution with nitrophenie acid, treated with 
excess of ammonia and filtered, the filtrate concentrated and 
acidulated witli acetic acid, bright-red crystals of picramic 
acid are formed. Stannous chloride and several other 
reducing agents may be substituted for the ferrous salt. 
Picramic acid is nearly insoluble in water, but soluble in 
alcohol or ether. 

d. The graded solubility of potassic nitrophenate in hot and 
cold water and in alcohol («) enables this salt to be almost per- 
fectly removed from solution, in beautiful crystals, ty gi-adttal 
cooling of the hot water solution, with gradual addition of alco- 
hol after crystallization has ceased in the cold water. 

Quantitative. — e. Nitrophenie acid or a soluble salt of this 
acid is precipitated hy a solution of sulphate of oincllOILia acidu- 
lated with sulphuric acid, the precipitate is washed with water, 
dried at a very gentle warmth, then heated (and melted) on the 
water-bath and weighed. C,„H,,W, (C.HjfWOjjO), ■ 2HC,H, 
(H-0,),0 : : 1 : 0.6123. 
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S7. StTLPHOPHENIC ACID. HC,H,SO,. Phenyl sul- 
phuric acid. Sulphophcnylic aoid. Siilphocarbolic acid. — Only 
preserved in its salts, wliicU are stable and crystallizable com- 
pounds, decomposed by nitric acid with the formation of uitro- 
pheiiio acids (35, 5), and very gradually decomposed by boiling 
ill solution with formation of sulphates and phenic acid.* Free 
sulphophenie acid evolves phenic acid when heated to the boiling 
point of the latter. — The sulphophenates are all soluble in water, 
and mostly soluble in alcohol. 



LIQUID NOX-VOLATILE ACiD. 

38. LACTIC ACID. HC,Hp,. Charactermd by its 
physical properties {a) ; by the solubility and crystalline form 
of its salts (5); by the extent of its reducing power (e). — 
Separated from many acids by the solubility of its lead salt in 
water, alcohol, and ether (<:?) ; from glycerin, sagar, etc., by the 
insolubility of its zinc salt in alcohol (/) ; from tissues, etc., as 
below [e). — Determined by saturation with alkali [g) ; by weight 
of zinc or magnesium salt (A). 

a. Absolute lactic acid is a colorless, odorless, syrupy liquid, 
of a very acid taste. Pure, it has the spec. grav. 1.248 ; when 
75 per cent., the spec. grav. 1.313. Not volatil* without decom- 
position ; not decomposed hy heat below ISO" C ; at 145° C. 
vaporizes dilactic acid, at higher temperature lactide, both of 
which are converted to lactates by the allidiss — Soluble in all 
proportions of water, alcohol, and ether; slig^y soluble in 
chloroform. (Glyceric acid, CjH,0^, which HNKembles lactic 
acid, is insoluble in ether.) Concentrated sulpnaric acid mixe-s 
with. lactic acid without blackening it. Heated ok platinum foil, 
it loaves a slight carbon residue which burns wholly away. 



* Prsbcoit : Chem. News, xxvi., 389. 
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i. The metallic lactates are nil solvhle in water; being 
mostly sparingly soluLle ia cold, freely in boiling water. Gal- 
citi/ni lactate is soluble in 9-^ parte (sai'colactate in 13|. pai'ts) of 
cold water, soluble in alcohol, not in ether. Barium lactate is 
soluble in water and alcohol, insoluble in ether. Zinc lactate is 
soluble in 58 parts- of cold, 6 parte of boiling water ; insoluble 
in alcohol (sarcolactate in 6 parts cold water and in 8.3 parts cold 
alcohol). Silver lactate is soluble in water and in hot alcohol, 
Lead lactate is freely soluble in water, sparingly soluble in cold, 
readily in hot alcohol, slightly soluble in ether. (Glycerato of 
lead is hut slightly soluble in cold water.) 

Calcium lactate (saturated with base) crystallizes in small 
white niammillated tufts, seen under the microscope to consist 
of delicate needles, some of which rescnabla a bundle of bristles 
bound midway between the ends. The acid laetate of calcium 
(supersaturated with acid) forms white hemispheres, compactly 
made of radiate needles, trimetric. Zinc lactate ci-ystallizes 
from concentrated solutions in shining cruste, Irom dilute solu- 
tions in four-sided prismatic needles ; the |0rystals, Zii(C,HjO,)j. 
SHjO, lose their water rapidly at 100'''C., and the salt decom- 
poses above 210° C. (Snc Sarcolactate orvstallizes in slender 
needles, Zii{C,HjO,),.2HjO, losing theii-^ crystal water very 
slowly at 100° and giving ofF empyreumatio Vapors below 150°.) 
Silver lactate crystallizes from neutral sol'fiSions, in slender 
needles, grouped in nodules, quickly blackening In the light. 

e. Lactic acid does not reduce the alkaline solution of sul- 
phate of copper, but quickly reduces potassium permanganate 
from acid or alkaline solutions. 

d. Lactic acid may bo separaied from acids whicli form 
insoluble lead salts {and other insoluble bodies), according to the 
general method given at 40, g, either in alcoholic or aqueous 
solution. In a similar manner it is removed from insoluble 
liarium salts, as soluble bai-ium lactate, after saturation with 
carbonate of barium. The barium is then removed from the 
filtrate by precipitation with sulphuric acid and filtration, and 
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the sulpliui'ic acid is removed from the lactic aeid in llie last 
filtrate by repeatedly adding a mixture of 1 part of alcohol and 
5 parta of other and evaporating, 

e. Also, the fluid obtained by digestion and expression of 
tissues may be treated with sulphuric acid to fix albuminous 
mattei-s, filtered, treated with alcohol and five times its weight 
of ether and again evaporated, filtering when necesaaiy, till the 
sulphuric acid is removed. 

f. A (weighed) quantity of the material containing lactic acid, 
mixed with substances soluble in alcohol, is sdturated in aqueous 
solution with oxide of zinc, the mixture evaporatod to dryness, 
the residue digested in alcoliDl and filtered. The filtrate will 
contain the substances soluble in alcohol ; the residue will contain 
zinc lactate, soluble in water. 

Quantitative. — g- In the a-cidimeiry of lactic acid, one- 
tenth equivalent, 9.000 being taken, the required number of 
cubic centimeters of normal solution of alkali equals the number 
per cent, of HCgH^O,. 

h. Saturating with oxide of zinc or oxide of magnesium, 
filtering and washing with water, crystallizing or evaporating, 
and drying at 100° C. : 

Mg(C^H,03)„ : 2HC5HP3 :,: 1 : 0.8911. 
Zn(CjH,0 j, : 2HC,Hp^ : : 1 : 0.7402. 



LlQUro VOLATILE ACIDS. 

36. FOHBHC ACID. HCHO,. Identified by its odor (a) ; 
by its reducing power upon salts of the noble metals, permangar 
nates, chromates, etc. — the radical CHO, being oxidized to H^O 
and COj — (b) ; by the color of its ferric salt in solution (c) ; by 
the odor of its ethyi salt (d). — Separated from substances less 
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volatile by distillation (/) ; from organic acids in general by the 
solubility of its lead salt in water (g) ; from a«etio acid by tlie 
insolubility of its lead salt and its magnesium salt in alcohol 
{li). — Determined by acidimetry [j), or by oxidation to carbonic 
anhydride (h). 

a. The odor of formic acid is pungent, irritating, eharacter- 
istiCj slightly acetous, and of an intensity varying greatly with 
the strength and temperature of its solutions. In contact with 
tiie skin, it causes intense irritation. 

b. Nitrate of silver in concentrated solution gives, with 
solutions of formates, the white crystalline precipitate of foi-mate 
of silver, not formed with free formic acid. The precipitate 
darkens upon standing a short time, and when warmed it is 
quickly reduced to metallic silver. In case the formic acid is 
free, or the formate in dilute solution, so that formate of silver is 
not precipitated, the reduction of metallic silver occurs slowly in 
warm solution. An excess of ammonia retards or prevents the 
reduction, Merenrio chloride in hot solution is gradually 
reduced by fonnic acid, more readily by formates, a white preci- 
pitate of mercurous chloride forming first, then a dark gray 
precipitate of metallic mercury. Alkaline chlorides and acetic 
acid retai-d or prevent the reduction. Solution of potassio per- 
manganate is slowly decolorized at ordinary temperatures, and 
warm solution of ohromio acid is gradually turned green, by 
sufficient formic acid or formates. 

Chlorine and bromine oxidize formic acid to carbonic anhy- 
dride and hydracid. Nitric a«id also decomposes it, likewise 
peroxide of mercury in boiling solution {removal from acetic 

c. Ferric chloride solution with formates produce a red solu- 
tion of ferric formate. 

d. With alcohol and sulpliuric acid, at a gentle heat, formic 
acid becomes formate of ethyl, C^H^CHO,, an ether Laving a 
strong, agi'eeable odor, like that of peach-kernels, and distilling 
at about 55° C. 
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e. Strong sulphuric acid, at a gentle heat, decomposes 
HCHO, into H^O and CO. Strong alkalies at a gentle heat 
convert formic acid into oxalates; at a higher heat carbonates 
are foi-med with liberation of cai-bonio oxide. 

f. Absolute formic acid distils at 100°; the aqueous solu- 
tion, 77.5 per cent, of acid, at ordinary atmospheric pressure, 
boils at 107.1", and mixtures containing larger or smaller pro- 
portions of water are reduced to this per cent, of acid and boil- 
ing-point by repeated distillations. A glycerin-bath may be 
used. Formic and acetic acids are not easily separated by frac- 
tional distillation. Dilute sulphuric a«id is employed for the 
production of formic acid from formates. 

g. The formates are all soluble in water. Plumbic formate 
requires 40 parts of cold water or a smaller proportion of hot 
water for solution. Argentic formate is sparingly soluble in cold 
water, decomposed by hot water {b). Mercurous formate is the 
least soluble salt of this acid, requiring about 500 parts of cold 
water for solution. It is much more soluble by hot water, in 
■which it decomposes. — In alcohol, the formates of lead, magne- 
sium, calcium, aad barium are insoluble, the alkaline formates 
soluble. 

Formic acid is separated from far the larger number of 
organic acids by precipitation of the latter as lead salts. With 
free acids, the method given for acetic acid (40, g) may be 
employed, avoiding the use of heat in any part of the operation. 

h. Formic acid is separated frOitl Acetic acid by saturating 
with magnesia, or with lead oxide or carbonate, adding much 
alcohol, filtering and washing with alcohol. In the preparation 
of formic add, acetic acid is approximately separated by the 
crystallization of plumbic formate from water solution contain- 
ing also plumbic acetate, 

i. Formic acid is removed from acetic acids, or from other 
acids not very easily oxidized, by hot digestion with mercuric 
oxide, until effervescence ceases. HgO and HCHO, form H,0 
and CO, and Hg. The filtrate will contain mercuric acetate if 
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acetic acid Were present ; in fact, tlic presenco of mevcury in the 
filtrate indicates some other acid besides formic. Acids forming 
insoluble mercury salts may be obtained from the residue, by 
treatment with hydrosnlphuric acid, filtration, and dissipation of 
the excess of hydrosnlphuric acid in the last iiltrate. 

Quantitative.—^'. Free formic acid may be determined by 
the ordinary methods of acidimetry. See 40, i,j. Or the acid 
may be saturated with pure carbonate of bai-ium, and the 
formate of barium precipitated as a sulphate^ — EaSO, : 
SHCHO, : : 1 : 0.395. 

k. Formic acid is quantitatively separated from acetic acid 
by precipitation with alcoholic solution of plumbic acetate, 
washing the precipitate with alcohol. The formate of lead may 
be determined, after oxidatian Mith chromate ^nd an acid as 
carbonic anhydride. The leid formate with solution of bichio 
mate of potassium, is placed m an apparatus for deteimination 
of carbonic anhydride (from carbonates ■« hose bases form 
insoluble sulphates), and decomposed by nitiic acid gnduall^ 
as the dry gas escapes, in the usual maraier CO, HOHO 
1 : 0.956. Or, the carbonic anhjdride ma\ be remnel ii ji 
amiMoniacal solution of chloride of barium SaCO HCHOj 
: L 1 : 0.233. 

40. ACETIC ACID. HC,H,0,. Identified by its odor {a), 
by the odor of its ethyl salt (5), by the odor arising from the igni- 
tion of its salts alone (c) or with arsenious acid {(?), by the color 
of its ferric salt in solution (e), by the ft'ee solubility of its lead 
salt and the sparing solubility of its silver salt (/"). — Separated 
from less volatile or more volatile substances, by distillation (/i) ; 
from the larger number of acids, by the solubility of its lead salt 
(ff). — Determined as free acid, or in saltg of insoluble bases, by 
its. saturating power (i, J). 

a. Aqueous acetic acid- evolves the 0(?0f of vinegar, which is 
pungent in 'proportion fb the strength and temperature of the 
solution. Acetates impart the same odor in a vei-y slight degree. 
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6. The acetate of ethyl, C^H^ C^H^Oj, is obtained by wanning 
acetic acid or its salts with sulpliiiric acid and a, small propor- 
tion of alcolloL It is recognized by its pungent and fi-agrant odor, 
ethereal, refreshing, and obscurely acetous. It distils at 74°, and 
may be cleared from acids and from water by contact with dry 
carbonate of potassium. It is neutral to test-paper, and is solu- 
ble in about ten parts of water. 

c. When ignited in a tube closed at one end, most of the 
metallic acetates evolve acetone, CjH,0, a vapor of an agreeable 
odor, readily burning with a white flame. Liquid acetone 
boils at 5G°. 

d. If acetates are heated with fixed alkali and arsenioua acid, 
the offensive odor of caeodyl is observed, ABj(CjHj), HjO. 

e. Solutions of ferrio gaits, with solutions of acetates (not 
with hydric acetate), form a dark red solution oi ferric acetate, 
Fej(CjHjO,)j, decolorized by strong sulphuric or hydrochloric 
acid (distinction from Moconate), not decolorized by solution of 
mercuric chloride (distinction from Sulphooyanate), precipitated 
as basic acetate by boiling 

/. The metallic acetates are soluble in water, argentic and 
mercuroiis acetates being sparingly soluble and forming as ciys- 
talline precipitates from concentrated solutions. Argentic acetate 
foi-ms white, fine, scaly crjstiN, soluble in one hundi-ed parts of 
cold water and in a smallei proportion of hot water. Mercurous 
acetate forms scaly crystals, sparmgly soluble in M-ater, more 
soluble in dilute acetic acid. The normal and basic acetates of 
lead are freely soluble in water. In alcohol, mercurous and 
argentic acetates are nearly insoluble, mercuric acetate is 
slowly decomposed, normal lead acetate freely soluble, basic 
lead acetates sparingly soluble, the other metallic acetates 
soluble. Zinc acetate crystallizes in hexagonal plates, very 
soluble in water. 

g. The soluUUty of its lead salt enables (free) acetic acid to 
be separated from organic acids in general (not lactic, formic, 
butyric, valeric) — in qualitative or quantitative work — as follows ; 
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D^eat the aoida in a cloaeil flask at a gentle teat with Bufflcient 
oxide of lead, uatil the mixture i3 just alkaline to litmus ; filter 
and wash. Fof complete separation from tartaric acid, or other 
add having its lead salt appreciably soluble in water hut iusolable 
in alcohol, the solutiou should be alcoholic and the wasbiag wholly 
by alcohol, avoiding the nse of much escesB o£ oxide of lead. 
Residue (A) : plumbic salts o£ organic acids (excess of oiide of lead), 
Filtrat« (B) ; plumbic acetate flDasIc and not freely soluble In alcohol). 

Treat filtrate b, in a long-necked flask, vrith washed bydrosulphuric 
acid gas, to complete precipitation ; filter and wash with water. 
Return tho filtrate and washings to the flask, insert therein a glass 
tube and blow air from a bellows through the Sftme until the 
hydrosulphuric acid is expelled. 
Mltrate (c) : acetic acid (lactic acid ; formic acid ; butyric acid ; valei-ic 

Treat residue a with waBhed hydroaulphuric acid gas, until the 
residue appears wholly black, as seea from beneath tho vessel. 
Filter and wash, and expel tho hydrosalphurio acid from the 
filtrate by a current of air from a bellows, as described above. 
Filtrate (b) ; acids whose lead salts are insoluble in water (or alcohol). 

A. Acetic acid boils at 119°. It may be disiilUd from a 
paraffin or glycerin bath. In distillation from sulphuric acid, the 
acetio acid is liable to be oxidized to a slight extent, with pro- 
duction of carbonic and sulphurous anhydiddes, the latter con- 
densing with the acetic acid. For the acidimetry of the distillate, 
acetates should be distilled -with phosphoric acid (or with 
hydrochloric acid, and the subsequent determination of the latter 
by standard solution of silver). Fractional distillation — with or 
without fractional saturation — may bo employed in tho separa- 
tion of acetic acid from other acids more or less volatile than 
itself. {See, also, Valeric acid, c.) 

QiiantitatiTfi. — t. M-ee acetic acid, in absence of other 
acids, may be determined by neutralixation with an ascertained 
quantity of alkali. Different alltalies have been used in standfird 
solution for tliis purpose — as soda, potassa, sodic carbonate, lime 
dissolved with sugar, amiiionio-cupric sulphate. In the solid 
state, calcined magnesia, crystallized sodic carbonate, and potnssic 
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bicarLonate hi%e been eniplojed Also banc carbonate, the 
barium dissolved as a<.etate b^ing then determmed as sulphate 

In testing cilorle-js oi slightly coloied solutions with any of 
the standaad solutions named aboTe. e\cept that of ammonio 
cupiie sulphate, ^epotnt of >,atuiation is indicated by litmus, 
but m ease the acetio solution is coloied someishat, a httle sul 
phato of coppei may be added, when the neutral pomt will be 
indicated by the cloudine^ due to the commencing precipitate 
of hydrate of copper With the ammonio-cupnc standaid 
solution, the solution determined must be lery dilute, when 
saturation will be ohown hj the tuibiditj In the use of eil 
cined magnesia, saturation I's indicated bj the dissolving of the 
solid, as well as by the color of litmus. 

In the method with carbonate of barium, the acid is saturated 
with the pure carbonate; the acetate of barium filtered and 
washed from the excess of the reagent, precipitated by dilute 
sulphuric acid and weighed as barium sulphate, Bl^O, t 3H 
C,Hp, -. : 1 t 0.515. 

The most convenient standard of solutions of alkalies are 
the " normal solutions," operating upon one-tenth equivalent of 
the acid — S-C^Sfi^ — 6.000 grams of the material. 

y. The acetic acid producible from acetates of bases insoluble 
in water may be estimated vrflumetrically, as follows : To a 
solution of 6,000 grama of the acetate, add normal solution of 
alkali to complete precipitation, noting the number of cubic 
centimeters used- Filter and wash till the washings do not 
affect litmus-paper. To the filtrate and washings, add of a 
normal solution of acid to the neutral point. The number of 
cubic centimeters of alkali used, minus the number of cubic 
centimeters of acid used, ospresaea the per cent, of acetio acid 
sought, 

41. BUTTEIC ACID. HC^H^O^. Identified by its odor 
\a); by the odor of its ethyl salt (5); by its liciuidity, 
solubilities, and the properties of its salts of lead, barium, and 
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other metaia (c). — Separated from acids having higher or lower 
boiling points by fractional saturation ajid distillation {d) ; from 
many acids by the solubility of its lead salt in water, and from 
other acids by the solubility of its le^ salt in alcohol (e. See 
process g, under Acetic acid). — Determined by saturation (e); 
by ultimate analysis. 

a. The odor of butyric acid is like that of rancid butter, but 
somewhat less offensive, and obscurely acetous, closely resem- 
bling that given by slightly rancid butter when heated. It is a 
strong and persistent odor, not much diminished by^dilution of 
the acid, but increased by warming it. The metallic butyrates 
are odorless, unless undergoing decomposition. 

b. Butyric ether — 0,H,C,H,0, — is formed by warming 
butyric acid or a butyrate with alcohol and excess of BUlphurie 
aoid. It has the odor of pineapples, by which it is readily idcii- 
tlAed. It rises to the surfaj^e of aqueous mixtures, and may be 
decanted, and purified fi-om acid by addition -of chalk and from 
water by chloride of calcium. It is soluble in all proportions 
of alcohol and ether, very slightly soluble in water. It distils 
at 1190 C. 

(?. Absolute butyric acid is a colorless, mobile liquid, solidi- 
fied at very low temperatures, at 15° C. having a specific gravity 
of .974. It is soluble in all proportions of water, alcohol, ether, 
and wood-spirit. It is not soluble in concentrated soiutioiK of 
freely soluble salts. The metallic bviyrcUes are all soluble in 
water ; plumbic, ai^entic, and mercurous sparingly solubla ; 
calcic freely soluble in cold water, but sparingly soluble in hot 
water. Plumbic butyrat« is more soluble in alcohol than in 
water ; argentic butyrate less soluble iu alcohol than in water ; 
baric butyrate very sparingly soluble in alcohol ; potassic buty- 
rate freely soluble in alcohol. 

Butyrate of lead is formed slowly on adding butyric acid to 
lead acetate as a heavy liquid wMch solidifies on standing. 
Alkaline butyrates, with lead acetate in moderately concentrated 
iotution, give a milky precipitate, which afterward solidifies in 
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a white semi- cry stallino mass. A nearly saturated solution of 
butyrate of lead, left over sulphunc acid, deposits fine, silky 
needles which are anhydrous. Butyrate of silver is formed in 
shining scales by mixing moderately dilute solutions of citrate 
of silver and alkaline butyrate. Butyrate of copper forms blue- 
green monoclinic crystals sparingly soluble in watei' (see Valeric 
acid, b). Butyrate of zinc crystallizes in shining scales. Buty- 
rate of barium is formed by saturating butyric acid witb 
hydrate of barium, and crystallizes in the cold itt long flattened 
prisms containing 2 aq. Butyrate of calcium, obtained in 
the same way, crystallizes in delicate needles, anhydrous. — 
Butyrates of lead, barium, calcium, potassium, and some other 
metals, rotate rapidly -H-hen drapped in small fragments 
upon water. 

d. Butyric acid distila unchanged at 157° C. Its separation 
from propionic, acetic, valeric, caproic, and other acids of conti- 
guous boiling points, is best accomplished by fractional saturation 
and distillation. (43. Also, see Valeric acid, c.) 

Quantitative. — e. Butyric acid has been determined by 
saturation with (10 parts of dry) bismuth hydrate, and precipi- 
tation of the butyrate of bismuth with ammonia to obtain the 
oxide of bismuth, which is dried and weighed. BijO^ : 6H 
C,H,0, : : 1 : 1.1282. 

42. VALKEaO ACID. HC^H^O,. Identified by its odor 
and taste, the odor of its ethers, and the taste of its alkaline 
salts (a) ; by its consistence, boiling point, solubilities, and the 
properties of certain of its metallic salts (6). — Separated by 
fractional distillation (c) ; by solubility of cert^n salts of lead, 
copper, iron, barium, zinc ((?). — Detenninad by acidimetiy (e) ; 
approximat«Iy, by solubility in water (/), 

a. The odor of valeric add is that characteristic of dried 
valerian root and of common valerian oil, in part like that of 
decayed clieese and also of butyric acid. When not diluted, it 
has a sour, burning, and disagreeable taste and caustic effect. 
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The alkaline valerates have a sweetish taste, with a pimgeat and 
alkaline aftei--taste, and when moist exhale some odor of valeric 
add. ^kyl valeraie, evolved on warming valerip acid or its 
salts with alcohol and sulphuric acid, has an agreealile, fniity 
odor. Amyl valerate, formed l)y heating valerianic acid with a 
very little fusel-oil and sulphuric acid, is characterized by a 
pleasant apple odor. 

5. Absolute valeric acid (" monohydrate ") is a transparent 
and mobile oily liquid, of sp. gr. of .937 at 15° C, boiling at 
ITS" C. With water it forms a definite hydrate — HC^HjOj . 
H,0 (" trihydrate ") — an oily Jiquid of sp. gr. of .950, boiling at 
165° C., but gradually dehydrated by distillation, the first dis- 
tilled portion cont^ning the hydrate mixed with water, after 
which the absolute acid passes over. — Absolute valeric acid is 
soluble in SO parts of water at ordinary temperatures ; the 
hydrated a«id jn 26 parts. It is almost wholly removed from 
solution by saturation with freely soluble salts, as chloride of 
calcium or of sodium. It is soluble in all proportions of alcohol, 
ether, chloroform, and glacial acetic acid. 

The valerates of the alkali metals are deliquescent and freely 
soluble in water and in alcohol ; of the alkaline earth metals, 
moderately soluble in water aud in aqueous alcohol. Aluminum 
valerate is insoluble. Ferric valerate (basic) insoluble. Zinc 
valerate is soluble in 90 parts of water, and ift 60 parts of 
alcohol of 80 per cent. Bismuth valerate (basic) insO'luble in 
water ; silver valerate, slightly soluble in water ; lead valerate 
(normal) readily soluble in water, (basic) sparingly soluble in 
water; mercuric valerate, soluble; mercurous, slightly soluble; 
cuprie valerate, moderately soluble. 

The lead valerate crystallizes in shining needles gathered in 
hemispherical grouj« ; silver valerate in white, shining plates ; 
copper valerate in green-blue monoclinic prisms ; mercury vale- 
rate in slender white needles ; zino valerate in snow-white plates 
of pearly lustre. The sodium and potassium valerates melt at 
140° C., and solidify in amorphous cakes, white when pure. 
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Sodium valerdtc crystallizes, by spontaneous evapuratimi in 
waj'm and dry air, in cauliflower-sliapod masses. — Many of the 
valerates rotate upon the sui-face of water when ilropped in 
small fragments upon it. 

Silver valerate is precipitated from solutions of valerates 
not too dilute in a white curd, turning black in the light. — 
Solution of acetate of copper on agitation with concentrated 
valorio acid forms anhydrous valerate of copper in oily droplets, 
which, after five to twenty minutes, crystallize as greenish-blue 
moQoclinie prisms or octahedrons of hydrated tupi-ic valerate, 
soluble in a moderate quantity of watei" and in alcohol. (Dis- 
tinction from butyric acid, which forms in solution of acetate 
of copper, not very dilute, an immediate precipitate or turbidity 
of butyrate of copper, bluish-green and finely crystalline in 
monoclinio prisms — Lohocsue and Huraut.) — Valerates are de- 
cwnposed hy acetic, tartaric, citric, and malic acids ; not by 
butyric acid. — Valerie acid decolors potassium permai^^ate 
solution. 

c. Valeric add is easily separated from Butyric acid by 
fractional saturcaion and distillation of the latter, the butyrate 
teing wholly decomposed at the temperature of the less volatile 
acid, which remains in the retort as valerate {41, d). With 
Acetic acid, hqwever, the more volatile acid is held by the base 
in the retort, while videric acid distils over. In decomposing 
valerates for distillation of the acid, sulphuric acid may be em- 
ployed, avoiding a strong excess. 

d. Valeric acid is separated from acids which form iusoluble 
lead salts hy the method given under Acetic acid, ff. From 
acids forming soluble salts of alnmilillin, by the insolubility of 
aluminum valerate. — If a solution of- a valerate made slightly 
alkaline to test-paper is iully decomposed by solution of ferric 
chloride, and after a short time filtered, the filtrate will be red if 
Acetic acid is present. '■ A solution of valerio acid tn 50 parts 
of hot water, saturated with hydrated carbonate of zine, yields a 
liquid which, when filtered and evaporated to 10 parts and 
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cooled, affoi-Ua white pearly crystals of valerate of zinc. The 
mother-water, drained from these crystals, should not yield, by 
further evaporation and cooling, a salt crystallizing in six-sided 
tables and very soluble in water" (acetate). — ^Valerate of barixim 
is soluble in 2 parts cold water, sparingly soluble in alcohol ; 
Caprylate of barium in 120 parts water, nearly insoluble in 
alcohol ; Caprinate of barium almost insoluble in water. 

Quantitative. — e. Free valeric acid, in absence of other 
acids, may be determined by normal volumetric solution of allcali. 
Weighing 10.2, the number of cab, cent, of alkali solution equals 
the number per cent, of HOjH^O, ; weighing 12., the number of 
cub. cent, equals the number per cent, of HC^H^Oj.HjO. 

f. A weighed quantity of the acid (1 gram in a tared flask) 
should require not less than 26 times its weight of water at 16° 
to 18° C. for perfect solution (absence of alcohol, acetic a*id, 
valerates, etc.), and should require not more than 30 times its 
weight for exact solution (absence of fatty acids, valeral, etc) — 

DUFLOS. 

43. rormio. Acetic, Butyric, and Valeric aeids muy be 
separated from each other by Fractional SaturaUou and 
SistilLation, as follows : (This method is generally applicable 
in fractional distillation.) — ^To one-half of the materia! to be 
distilled add enough potassa or soda to neutralize, and then mix 
with the other half and distil — with a thei-mometer in the retort 
or generating flask to show the boiling point — receiving the dis- 
tillate all togethei'. If the boiling point has been constant, no 
farther separation can be eflfected by this method ; if not, saturate 
half the distillate, mix with the remainder, and distil as before. 
Repeat the fractional saturation with alkali and distillation of 
the free acid of the receii'er until the distillate has a constant 
boiling point. Now to the several retort residues add excess of 
dilute sulphuric acid and distil each; if their distillates do not 
show a constant boiling point, half saturate and distil, in each 
case, as before, until the boiling points are constant. Again 
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e and distil the retort residues, as before, repeating the 
operations until the whole of the organic aeids is obtained in 
separate distillates, each showing a constant boiling point. The 
work may be tabulated a« follows : 



Fractional Saturation and Distillation. 



Irf Retort ; salt 

of rf. 
Saturate witJi sul- 
phuric acid and 

In Recbivek : d. 
(Boil.pt. coust'at. 



Is ItecBiVER ! a, b (boil, point 

changes). 

Neutraliae half and distil 



Ik EetObT ; salt ! In ReCeitbh ; i 



I InEbc3ivkb: b. 
|(Boapt.cou9t'nt.)l 



4A. VOLATILE PAT ACIDS of the Acetic Series. 

(Approaching towards these, in their properties, are the volatile 
acids of the acetic series which do not have a fatty consistence, 
though commonly termed "volatile fatty acids" — viz., Formic, 
Acetic [Proptlic], BnrrRrc, and Valekianic acids.) 
Caproic acid, ho, H„0„ boil, at SOO^C, melt, at 9''C. 

(Enanthyc ACID, HO, H„0„ " " 218°C., " below 20°C. 
Capbtlic acid, HC, H,,0„ " " 236°C., " at 15°C. 
Pelaroonic acid, HO, H„0,, " " SeO'C, " " lO^C. 
Caprio acid, HC,„H,,0„ " withdecom., " " 30°C, 

O/iaracterized ^j their pungent and unpleasant odors (when 
fi-ee), by the persistent and fragrant odors of their ethyl ethers, 
by their liquid and mora or less oily consistence at ordinary 
temperatures and their capability of distillation, by their sparing 
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Ist crop — liariG eaprate, 
3d " •' pelargonate, 

Sd " " capi'ylate, 

4t]i " " tenimthate, 

5tli " " caproate. 



<*S rAT ACIDS, Liqmn ani> solid. 

solubility or insolubility in water and ready solubility in alcohol 
and in ether, by their acid reaction, by forming with alkaJies 
salts soluble in water. 

Separated from each other by Fractional Cryatallization, 
as barium salts, as follows : Add to the mixture (aqueous or 
alcoholic) sufficient potassa to neutralize, and add chloride of 
barium to decompose. Crystallize, removing the i 
crops of crystals: 

FROM ALCOHOL 

st crop — baric caprylate, 
d " " cenantliate, 

a " " pelargonate, 

and eaprate, 
til " " caproate. 

The aqueous crystal-crops may be washed with bot alcohol — 
the washings containing the salts, successively, in order the 
reverse of their ci-ystailization from alcohol. Thus, the third 
crop of crystals from water, when washed with alcohol, lose first 
caproate, then eaprate and pelargonate, lastly cenanthate, with 
little loss of caprylate, 

id, also, by Fractional Saturation (43). 



FAT ACIDS, LIQUID AND SOLID. 

45. NOH'-VOI.ATILB FAT ACIDS. Chai-aaterised by 
an oily consistence, leaving a permanent oil-spot upon paper, 
and melting at different temperatures, mostly between 14° C. and 
80° C ; by insohibilUy in water, upon which they mostly float 
(in oily drops or layers, liquid if the water is hot); by free solu- 
bility in alcohol, the solutions mostly having an acid reaction, 
and by solubility in ether ; by the (soapy) solubility of their 
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m 



alkaline saltB in water ; by the waxy consistence of their lead 
salts, which melt and do not disaolvo in water and have differing 
solubilities in alcohol and ether ; by forming white, milky jjj-ecj- 
pitates when their alkaline salts in water solution are treated 
with salts of m.eta]3 not alkalies, or with acids, also when (as free 
acids) their alcohol solutions are diluted with water. The avi- 
dity of drying oOs for oxygen is a characteristic of their acids. 
(See Fixed Oils.) 

The niae following are some of the more frequently occurring 
non- volatile fat acids, placed in order of their fusibility ; 

46. RioiHOLEic Acid. H C„H„Oj. Melts at 10° to 0" C, 
(14" to 21° F.), Yellowish, syrupy, inodorous, of harsh and per- 
sistent taste ; reddens litmus, and in alcoholic solution decom- 
poses carbonates with effervescence ; distils an Uly-smelling 
liquid ; its glyceride and all its metallic salts soluble in alcohol, 
its lead salt soluble in ether. "When Castor Oil (ricinoleate of 
glyceryl) is heated on a sand-bath with a double volume of niti-ic 
ncid of 25 per cent,, imtil the citric acid is all removed ; the resi- 
due saturated with concentrated solution of sodium carbonate — 
the characteristic odor of cenaiithyc acid is obt^ned. 

47. Oleic Aero. HO,aH;,0,. Melts at 14° C, (57° F,), 
soft ibovc 4° C (39° F,) Colorless, limpid liquid of sp, gr, 
80S odorle 3 an I tasteless, crystallizing from cold alcoholic 
solut o hite needles ; reaction neutral, becoming acid on 
etposuiP to the a by which it finally turns brown and rancid. 
Its lead salt (1 ad i laster) is insoluble in alcohol, slowly soluble 

other (sepa it on from palmitate, stearate, laurate, etc.) Dis- 
t lied th n t c a d, all the volatile acids of the acetic series are 
fouul tie d til e. 

48 L h OLEIC Acid. HC^jH,,©,? Melts at about IS'' C, 
(64° F.) ; fault yellow, limpid liquid of sp. gr, 0.931, of taste at 
first mild and afterward harsh ; faintly acid to test-paper ; oxid- 
izes Ln the air to a thick, viscid mass, its salts, also, being changed 
in the air. Most of the linoleates are soluble in alcohol ; the 
lead salt is soluble in ether. 
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49. ERtrcrc Acid. C^jP,,©,. Melts at 34° C. (94" F.) ; 
crystallizes from alcohol in shining noedics ; lead salt not soluble 
in etiier (separation from Oleic acid). 

50. Laokic Acid. HC„H„0,. Melts at 43" C. {110° J.) ; 
solidifies in scales and crystallizea from alcohol in white needles ; 
slightly acid to test-papev ; lead salt sparingly soluble in alcohol, 
insoluble in ether. 

51. Mykistic Acid. HC„H„0,. Melts at 54° C. (129° 
F.) ; crystallizes in shining laminte; exceptional in being insolu- 
ble in ether ; the alcoholic solution has an acid rea«tioa ; the lead 
salt is soluble in alcohol, but insoluble in ether; the barium salt 
nearly insolnhle in aleohol. 

52. PALMmc Acid. HC,,H„0,. Melts at 63= C. (143= F.) ; 
colorless, tasteless, odorless, showing an acid reaction ; lighter 
than water ; crystallizes, in congealing, in shining scales, from 
dilute solutions in slender needles ; lead salt insoluble iq alcohol 
or cold ether; barium salt sparingly soluble in water or aleohol ; 
calcium salt insoluhle in water or ether, slightly soluble in warm 
alcohol. 

58. Stearic Acid. HC^^Hj^O,. Melts at 70° C. (159° F.) ; 
inodorous, tasteless, colorless in liquid and white in solid state ; 
crystallizes from alcohol in needles or nacreous scales, haying the 
specifio gravity of water ; its solutions distinctly acid to test- 
paper ; lead salt insoluble in alcohol or ether, and not wetted by 
water and fusible at 125° C. ; barium salt insoluble in water, 
alcohol, or ether ; magnesium salt insoluble in water, and slightly 
soluble in cold, more soluble in hot alcohol. [For the fusing- 
points and modes of solidification of mixtures of Stearic with 
Laurie, Myrlstic, and Palmitic acids, as determined by I-Ieintz, 
sec Watts's Dictionary, v., 414.] 

64. CbrotioAcid. H.C„H„0,. Melts at 79° C. (174° F.); 
crystallizes in congealing in small grains, lighter than water; 
when puro, is capable of distillation ; soluble in hot alcohol and 
in ether, not soluble in chloroform ; solutions acid in reaction: 
lead salt insoluble in alcohol. 
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65. The non-volatiie 2^1 Acicfs nv& separated froai neutral 
fiits fay saponification with fixed alkalies, lime, or oxide of lead, 
in cBich case effected by hot digestion in presence of water. 
Sonnetimes an alcoholic solution of alkaline salt is precipitated by 
alcohoUo acetate of lead (the lead salt being insoluble iu alcohol) ; 
in other cases, an alcoholic solution of lead salt is precipitated by 
alcoholic acetate of barium or of magnesium (such being the 
solubilities of the respective salts), Then the purified salt is 
decomposed in water with dilute acid. 

As in mannfactui-ing operations, the nentral fats may be 
decomposed by superheated steam, with separation of the fat 
acids together, 

56. The fiit acids are in some cases separated from each 
other by fractional fusion of their glyeerides, with pressure. 
The melting point of the glyeerides (the neutral fats), is given in 
59. The melting point of a mixture of free fatty acids is gene- 
rally much below the mean melting point of its constituents, as 
shown by the tables of Heintz mentioned in 54, and hence in 
many cases no separation can be accomplished by fractional 
fusion. Tims, free stearic acid can be freed from oleic but not 
from lauric, myristic, or palmitic acid, by this process. 

57. The use of solvents in separation — of the free acids or of 
their salts — is indicated to some extent by the statements of solu- 
bilities, given in this work or elsewhere, and more particularly 
by the various methods of preparation of the acids in question, 
as found in Watts' Dictionary, Miller's Organic, Gmelin's Hand- 
book, and in original reports. 

Free (atty acids are separated from neutral Fat oils (not 
from castor oil), for commercial determinations, by extracting 
the oil with one or two volumes of 90 per cent. alcohoL The 
acid is then determined volumetrically with soda solution.* 

Also, by alkaline carboiuiteB, which at ordinary temperatures 
saponify with fat acids but not with fats. Prepare a solution of 

■"' BunriTYN ; Zcilachi: Anal. Cketii., xL, S63. 
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10 gi-ams crystallized sodie carbonate, 1 gram sodic "bictii'bonate, 
and 30 c. c. water. Agitate, in a test-tube, equal volumes of this 
solutioa and of the oil, and set aside at ordinary temperatures. 
lu absence of fat acids, the two liquids separate, niore or less 
turbid ; if fat acids are present, an emulsion is formed (from 
which a cream rises after some time). Old fat oils usually con- 
tain traces of fat-acids, scarcely indicated in this test. 

58. For the qwcmtUatwe determination of free fat-acid in 
mixture with neutral fats, digest 10.0 grams of the oil with 3.5 
grams of pulverized sodio bicarbonate and 25 drops of water, on 
a water-bath, with ti-ituration, for tax how. When cold, extract 
with peti-oleum naphtha, stirring; evaporate the naphtha, and 
weigh the neutral fat to separated. Benzoic is not applicable in 
this separation. 



NEUXllAL SUBSTANCES, LIQUID OR FUSIBLE. 



59. FIXED OILS. Fats or Fat-oils. Glycerides of the 
non-volatile fat acids. (The following list includes those of most 
frequent occurrence in 





a. 


Liquid at okdina 


HY TeMPEKAIL'IIKS. 




aa. 


DaYlNO OII.S (NOT 






Si>e 


grav. Cmigeal. pt 




Hemp-Geed, 




0.936 -35' C, -13- F. 


Greenish when fresh, nfterward 
odor and Insipid taste. 


G,=p„„a, 




MS -13' C, ft"F. 


Yellow to brownish ; nearly odor- 
leas, of mild taste. 


Linseed, . 




,934 -urc.,-irF. 


GoM-yellow to brownish ; strong 
odor and tasta 


Poppy-seed, 




Mi -18= C, O^P. 


Straw-yellow ; limpid ; feebly plea- 
; Bant odor and taabe. 








Walmit, . 




.1K3 -13^ C, 0"F. 


Slightly greenish or j-ellowi.'Ji ; 
thiel: ; nearly odorless, of mild 
nutty taste. 
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66. Oils drtino to a slight extekt and slowlv forming a little 
Elaidin. 
Spec, ijritv. Congeal.pt, 

Beechnut, . . .920 -18° C, 0° P. Yellowish ; nearly odorloes imd of 
a mild taste. 

Cottoii-secd, . . .935 I'C, 34° P. Telloworbj-ownish-yellowtocolor- 
less ; of mild taste. 

Croton, . . . .043 — — Clear, slightly yellow ; of a taste at 

first mild and then burniugand 
persistent ; causes pustules on 
the skin. 

Sesame, . . . .621 0°C,, 33° P. Yellow ; of mild odor and taste. 

Sunflower, . . .024 -15' C, 0' F. Yellowish ; limpid ; noarly odor- 
less and tasteless. 

tr;. Oils kot drying, but kot fobming Elaidin'. 

Cod-liver,. . , ,930 below 14' P. Clear yellow to red-brown ; acid 
reaction ; charaoteristie Gshy 
odor and taste. 

Whale 925 0' C, 33' F. Brownish; of characteristic dis- 

ugroeable odor and taste. 

dd. KON-DRYIKU Oils, roBMiNa Elaidin, 
Almond, . . . .918 -20° C, 4' P. Clear straw-yellow ; limpid ; in- 
odorous, of a bland, sweetish 

Castor, 963 -15' C, .^° P. Colorless or slight yellow ;sympy: 

odorless, of mild taste with acrid 
after-taste. (Sometimes classed 
among the slightly drying oilB.J 

Colza 914 -6° C, sr F. Qear, yellowish ; limpid. 

Hazel-nut, . . .920 -19' C, -3° P. 

Lard, 915 10° to 0°C. Colorless or nearly so ; slight odor 

of lard. 

Mustard (black), .915 15' C, 5° P. Yellowish ; odorless, of mild char- 
acteristic taste. 

Mustard (white), .913 {not tolidified). Similar to the above. 

Neatsfoot, . . — (below 0° C.) YeUowish ; inodorous, of a bland 
taste, 

Olive, 910 5°C. to3°C, Greenish or yellowish ; thiolc flow- 
ing i of slight pleasant or no 
odor and mild sweetiBh laate. 

Sperm, . . , .S75 Limpid ; nearly odorless. 

Rape-seed, , , .3)4 -0"C., 21° P, Clear, yellowish ; diaagreeableodor 
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h. Solid at ordis-i 

Melting. 

Butter, 37° to SO" C. 

Cacao butter, . . . 35° to 30° C. 

Lard 28° to 33° C. 

TaUow, Boef, ... 86° to 40° 0. 



Tallow, MuttOQ, 
SpermaeoM, . . 
"Wajt, Yellow (Be. 
Wax, White, . 



60, Fixed or I'at Oils are characterised by their oily cou- 
aistenee and the physical properties stated above ; by their solu- 
bilities (a) and cohesion-figures ou water (J); by a neutral 
reaction ; by sapoiiificatiou — forming soapy-soluble compounds 
with alkalies and waxy corapomidis with lead oxide (c) ; by 
giving reactions for glycerin {d) ; by the precipitates olstained 
from their soap- solutions (e) ; by either oxidizing to a viscid 
mass in the air (/), or forming elaidin with nitric acid (g) ; by 
their sensible reactions with special reagents {K). 

a. IiisoUAle in ■wat«r, upon the surface of which they float. 
Mostly insoluble or slightly soluble in alcohol ; but Castor oil is 
soluble in all proportions of absolute alcohol, Spermaceti in 7 
parts of boiling absolute alcohol, and "Wax partly soluble in 
alcohol. Soluble in Ether and in Benzole, less freely soluble in 
petroleum naphtha and in chloroform. (Solid fats ai'e slightly 
soluble in peti'oleum naphtha; liquid fata moderately soluble.) 
Miscible with volatile oils, not ivith glycerin. 

By violent agitation with water, fixed oils form milky mix- 
tures {emtHaions) from which the oil quicldy separates in drops ; 
by agitation or trituration with water mucilages of gums, albu- 
men, gelatin, sugar, and of salts, more perfect mixtures are 
formed, from which the oil slowly separates as a cream, still 
containing a little water solution and holding the oil in its charac- 
teristic microscopic spheres. 

b. If a drop of oil is let fall upon a still surface of perfectly 
pure water, the oil spreads in a film which breaks into a figure 
(cohesion jigur^ or succession of figures, characteristic of each 
oil — fixed oils not being distinguished from volatile oils other- 
wise than from each othei\ The formation of these figures con- 
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stitutBS a praeticalilo means of identifying the separate oils, and 
even to some extent of recognizing them when m mixture.* 

c. Saponification is effected in presence of water hy digestiug 
with excess of alkali for some time, or with oxide of lead at 
100" C. for a longer time. The allcali-soaps dissolve in water, 
the solution being slightly milky, and becoming more turbid on 
dilution, and dissolve in alcohol, but mostly refuse to dissolve ia 
ether. The lead soaps of some of the fat acids are soluble in 
ether ; they are fusible, waxy compounds. See Non-volatile Fat 
Acids (45). 

d. The glycerin formed in saponification with oxide of lead 
or with lime, as above, when separated by the concentration of 
the clear water solution, renders evidence of its identity, by 
means of tests given under the head of glycerin (66), 

e. The alkali-soap solutions give vihiie precipitates with solu- 
tions of salts of metals not alkaline, and with acids give white 
precipitates soluble in alcohol. 

y. The Drying Oils are recognized by not forming elaidin, 
when treated as stated in the next paragi'aph ; by drying to a 
resinous film when spread and exposed to the air, and by induc- 
ing elevation of temperature, and in many instances ignition, 
when diffused through a mass of wool or other porous material 
and exposed to the air. 

ff. The NoN-DRvitfG ok Elaidin-fosmino Oils are known by 
reaction with peroxide of nitrogen. A concentrated solution of 
jnercurio nitrate, or nitric acid of brown-red color, may be used. 
YoT the reactions given in the following table,| a little of the oil 
is taken in a test-tube, an equal volume of nitric acid of about 
25 per c«nt. is added, the test-tube briefly shaken, a strip of 
copper turnuigs added, and the whole set aside at ordinary warm 
tempei'ature, to be examined each quarter of an hour. 

* ToHLiHSON, Moffat ; Chem. Setts, 1869, CaAwE ; Am. Jour. 
Phar., 1874, Sept. 

t HaGbe's Untersuohungen, ii,, 503. 
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Tests for Elaidin. 



Ifonrdrying Oils. 
Almond ; 
From sweet al- 
monds. 

From bitter al- 



Castor, 



White 

turbid, 
Whitieh-yeUow. 



Whitish. 
"Whitiah-yeilow 



WMte cloudiness, often 
modified by color of 
the oil. 

WMte or whitish cloud- 



WMta or wMtish mass, granu- 
lar after shaking. Appe 
laomoger ■«*— n— .t.. 



Result after etnnaiog 8 boucs 



IS altera to 18 Lra 



Oils drying im- 
perfectly. 




Beech-nut, . . 


Yellow or reddiah-yel- 


Cotton-seed, . . 


ish. 


Sesame, . . . 


Red to dark red. 



fled, with a sm^ace layer of 
semi-limiid, transparent oil. 
Nearly all solid ; a olear-yellow 
oil fayeij witli awhitlst crys- 
talline finely granular preci- 

mtish; solidifying after 8 
tours or earUer. 

Whitish or yellow. white ; some- 
what granular, with transpa^ 
rent spots ; rigid ; sometimes 
witli a half-liquid surface 
layer. 

White or yellow ish-brown- 
white solid, made granular 
by shaking. The mass ap- 
pears uniform after 4 to 8 hrs. 
Poite or yellow Ish-wMte maES, 
granular alter shaking. Af- 
ter 4 to 8 hours the surface 
appBars nearly uniform. 

Reddish-yellow ; solidifying af- 
ter 16 to 34 hours and becom- 
ing brownish-yellow : tame- 
w&it granular after shaking-, 
the gi'anules enclosed in an 

Reddish-yellow ; solidifying af- 
ter 16 M 24 hours and becom- 
ing yellow; made granular or 
pasty by shaking, the gra- 
nules oil-coated. 

Syrupy; nearly clear; after 3 
days a just perceptible sepa- 
ratloa of elaidiu. 

Pasty or syrupy; frequently 
showing a clear brown-yellow 
oil layer of one-haJf to one- 
third the mixtui-e. Appear- 
ance of apreeipt. after 1 day. 

Blacltish yellow-brown or red- 
brown ■ opaque ; pasty. Af- 
ter i day a, transparent oil 
layer sometimes appears ai 
bottom or top. 
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Teats for Elaidin — Continned- 



». 


Es3ulta£tB.« to S hours 


Resalt alter Btanding 8 hours to 


Simflowor, . . 
Drying Oils. 


Yellowish or faintly 
reddish. 


Brownish yellow. Pasty after 
Iday. 


Hemp-aeed, . , 


Grsen. 


Yellow ; liquid, nearly or quite 

clear. 
Reddlah-brown ; liquid and 


Linseed, . . . 


Scarcely changed. 


"Walnut, . . . 


Scarcely clmnged. 
Scarcely changed. 


dish yellow; ti-anaparent, 
Ye]?ow; clear liquid. 


Non-drying OOs 






Cod-Uver, . . 
Oroton, . . . 


Not ehanged. 
clearer. 


Yellowish-red or reddish-l)r'a ; 
Tbick liquid ; clear. 



If drying a^'e mixed with non-crying oils, the latter are 
easily detected ; the former only with greater care. The elaidin 
masa remains partly liquid, or an oily layer separates from it. To 
detect an intermixture of drying oil, proceed (with a weighed 
quantity) as above directed, leaving the mixture about two days, 
then set it aside at 23° to 25= C. (72° to 77° P.) for 12 hours, 
and return it, without agitation, to ordinary temperature. The 
drying oil will now be found more or less perfectly separated 
from tlie elaidin. (For finding the proportion of the drying oil, 
bring a tared roll of blotting paper into contact with the mass, 
while the temperature is 8° to 10° C. [46° to 50° F.] The iii- 
ci-ease in the weight of the paper or the loss in the weight of 
the mixture approximates the weight of the drying oil.) 

h. Sulphuric acid, Nitric acid, Phosphoric acid, caustic 
Alkali, and Nitrate of Silver are the chief of the special reagents 
for color-tests of fixed oils. 

The test by sulphm-ie acid is applied as follows : About 8 
drops of the oil are placed in a watch-glass over white paper. 
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and then 2 drops of sulphuric acid of specific gravity of 1.820 
to 1.830 (not more concentrated) are dropped near the edge of 
the glass so as to flow upon the oil. The results arc tahulatcd 
below ; 

Sulphuric Acid Test, 



Without Stihbino. Ajtbb 



Almond, 
Cod-liver, 



Clear ; yeilow. 

A tinge of pale brown. 

Flrat violet, then red. 

Brownish yellow. 

Brown-red. 

Yellow. 

Yellow. 

Greenislt-blue. 

Brownish-yellow. 

Red, afterward Tioiet, 



l^LJfl 



Black-brown. 
Blaokish-brown. 
Brownish olive-green. 
Greeaisb-blue. 

Bnawn-red to dart brown. 

A.,..f-»fr/- 



61, Preparation, and Application of Reagents for IrUiv- 
tifiaation of Fixed Oils, according to the following table 
[Calveet] ;* 

(1) Soda solution. Specific gravity 1.33. 4 parts of dry 
soda in 6 to 7 parts of water. One volume of this solution 
a^tated with 4 to 5 volumes of the oil and heated to boiling. 
(The drying oils, so treated, form soft soaps; the con-drying 
oils, mostly hai-d soaps.) 

(2) SvipJmric aaidoi spec. grav. 1.475. Mixture of 10 parts 
of the acid of spec. gray. 1.840 and 7 parts of distilled water. 
One volume is mixed with 5 volumes of the oil and set aside for 



(3) Sulphuric acid of spec. grav. 1.530. Mixture of 10 parts 
of add of 1.840 and 6 parts of water. Mix 1 volume with 5 
volumes of the oil and set aside for five minutes. 
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(4) Sulphuric acid of spec. grav. 1.635. Mixtui'e of 10 parts 
of a«jd of 1.840 and 4 parts of water. Applied like reagent (3). 

(5) NitHc acid of spec. grav. 1.180, Mix 1 volume -with 5 
volumes of the oil and set aside five minutes. 

(6) Nitric acid of spec. grav. 1,220. Applied as directed for 
reagent (5). 

(7) Nitric acid of spec, grav, 1.330, Applied as directed 
for (5) aiid results noted; then an excess of the soda solution 
(1) is added and results noted again. 

(8) Phosphoric acid of syrupy consistence. 

(9) Sulphuric acid of spec, gi-av. 1.840 with equal measure 
of Nitric acid of spec. grav. 1.330. One volume of the mixed 
acids for 5 volumes of oil. 

(10) Mtrohydrochloric acid — from 1 volume of nitric acid 
of spec. grav. 1.330 and 25 volumes of hydrochloric acid. One 
I'olume of the mixture to 5 volumes of oil, noting the result. 
Then add excess of Soda solution (1), and again note the result. 
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EXAillSATION' OF hvtteu. 81 

62. Tests with Uitrate of Silver, A Lwo pei' cent, alcoholic 
solution of nitrate of silver is prepared : 0.5 gram of crystallized 
silver nitrate being dissolved in 1.0 gi'am water and mixed with 
25 c. c. of absolute alcohol. Now pla«e C or 7 c. c. of the .oil in 
a test-tube about 12 millimetres (0.4T inch) thicis, add 3 or 3 e. c. 
of the silver solution, shalce briskly to form a millcy mixture, 
heat, without bringing the tube in contact with the ilamc, to 
boiling for a quarter of a minute, and set aside for an hour or 
two. A reduction of eilmr, with darkening of the oil layer 
to brown, red-brown, or black, results from this test with 

Almond oil, from bitter almonds — colored after several hours. 

Bone oil — brown to blaek. 

Cotton-seed oil — brown to hla«]i. 

Lard oil. ' t!';-;-'-. , 

Linseed oil— darkens, red-brown. 

liape-seed oil — brown-red. 

With the following oils there is no change : 
Almond oil, I Cod-liver oil, 

from sweet almonds, Hcmp-sced oil, 

Beech-nut oil, | Olive oil. 

Castor oil, 1 



63. Special exammation of Butter. — Separation of fats 
from non-fatty substances by melting («), by benzole {b). 
Xdeiitification, of hutyrin, etc., by etherization ailer saponifica- 
tion (see Butyric acid, 41, b). Distinction frotn (mixtures of) 
lard by treatment with sulphuric acid (c), by treatment with 
ether at 18.5° C. ((?), or with petroleum naphtha at 10° to 15° C 
(e) ; from foreign color by borax solution {/). 

a. About 10 grams of the butter are melted in a large test- 
tube, by insertion in water of 50° to C0° C. (122° to 140° F.) 
for about an hour. The fata separate from a siibsident layer of 
water, casein, salt, lactose, (foreign colors). The volume of the 
latter may be approximately ascertained by linear measurement 
on the tube. The fat layer from unsophisticated butter is clear, 
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nni3 has a yellow color of a tint somewhat deeper than that ol 
the butter ; while the bottom layer is white, or at most but yel- 
lowish-white. (The bottom layer may be -^ at most ; from good 
table hutt«r should not be over \.) 

h. In a large and strong test-tube place 5 grama of the butter, 
melt by dipping in water at C0° C, (140° P.), add fully an equal 
volume of benzole, cork secm-ely, agitate, and leave at about 
40° C. (104° F.) for an hour. The sediment separates more 
sharply and of thicker consistence than in a. — The sediment may 
be washed with benzole on a filter, and analyzed chemically and 
microscopically (see c, d, e). 

For the separation by benzole, a graduated tube may be 
used, aa follows (Hookk) : A glass tube is prepared, 20 centi- 
metres (9 inches) long, its upper two-thirds having a diameter 
of 2 centimetres (0.8 inch), its lower third narrowed and gradu- 
ated to tenths o. c, and its lower end closed. In tliis tube 10 
grams of butter are placed, melted by dipping in warm water ; 
30 c. c. of benzole are added, the contents thoroughly intermixed, 
and the tube set aside. After thirty to forty minutes, the ben- 
zole and fat will have separated from the water layer below — the 
amount of which may be read off. 

0. Take 2 c. c. of the fats separated by melting aa in ra, bring 
the temperature to about 30° C. (86° T.), add about 3 c. o. of 
concentrated GulphTirio acid, and agitate gently to a complete 
mixture. With butter alone, the liquid remains of a yellow be- 
coming yellow-red color, clear and translucent, not darkening at 
ordinary temperature, and after half an hour becoming gelatinous 
and rather less translucent. If Tallow or Lard is present, the 
mixture after a short time becomes darker, by aid of the heat 
generated by the acid, so that after half an hour it is dai-k brown- 
red or brown-black. 

d. The butter is melted over the water-bath, and after stand- 
ing the liquid fat is removed from the subsident layer. This fat 
is mixed in an evaporating dish with four or five times its bulk 
of hot water and left two or three hours. The solidified fat is 
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dried on blotting-papei introduced lato a wide neckel flask ind 
covered with etlier at a temperature of 18 5 C {05 3° i ) If 
the butter wag pure the tit fully dissohes to a cleai lemon 
yellow liquid. If the Luttei contained Lard the fat i9 m some 
part insoluble in ether at this t(,mperatuie md the mixture is 
left milky or thick, depositing a (finely gianulai) sediment on 
standing. Tallow of beet oi mutton gives the same lesults the 
sediment being coarsei thm m tht. cise of lard The t mpeia 
ture of the ether is the impoitint condition m this tost oul it 
must not be disturbed by contact with the hand (Hoeslei )* 
By special apparatus closer observations are made ■«ith this 
test (Ballard) as follows. Select a test-tube 11 or 12 centi- 
metres (4 or 5 uiches) long and about 2.5 centimetres (neai'ly 
1 inch) wide; and prepare a section of glass tubiug of 1,3 to 
1.6 centimetres (a little over ^ inch) diameter, and 4 to 5 centi- 
metres (IJ to 2 inches) long, ea«h end being slightly rimmed 
outward, and the ono (lower) cud bound over with a bit of thin 
canvas. Weigh the little tube, with the covered end, and place 
in it 1.5 grams of the butter to be tested, and in the test-tube 
5 c. 0. of ether. Attach a thread to the small glass tube and let 
it down into the ether, then close the test-tube with a cork, so as 
to hold tlie thread, and bind the cork over with leather. Im- 
merse the test-tube in water at exactly 18.5° C. (65.3° F.) and 
leave it an hour at this temperature. The cap is now removed, 
the small tube drawn np out of the ether by the thread (without 
removing the cork), and left at same temperature to drain. The 
small tube is now taken out, and while the top is closed by the 
finger the liquid is absorbed as far as possible by blotting-paper, 
the tube exposed to the air ti!l free from ether odor, and weighed. 
With 5 e.e. effter. IFJtt 10 o.e. ether. 
From 1.5 grams pure butter, remained 

insoluble, 0.18 grms. 0.14 gr ma. 

From 1.5 grams beef tallow, . . . 0.945 " 

From 1.5 grams lard, 0.9 " 

* Farther, aoe Cliem. Hews, Sept. 11, 1874, p. 135. 
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From equiil parts tallow and buttei', . 0.6 grms. 
From J tallow and | butter, ... 0.3 " 0.8 grins. 

From I lard and \ butter, .... 0.15 " 0.8 

From ^ lard and ^ butter, .... 0.C7 " 

e. The fat of butter, separated according to a, is treated with 
7 parts of petroloum naphtha at a low temperature— 10° to 15° 
C. — when the fat of butter dissolves, and tallow, or lard if over 
10 per cent., remains in sediment, 

f. Boil gently, in a test-tube, 2 grams butter with 5 e.c. of 
cold-saturated solution of borax, and set aside to cool and sub- 
side. Butter not sophisticated leaves the borax solution nearly or 
quite colorless (with white turbidity) ; artificially colored butter 
leaves the borax solution more or less brown. 

64. The Fats are determined in MUk — by separation 
Tvith ether, from the milk [a), from the residue (5) ; by opacity 
of the milk (c) ; approximately and for comparison by the 
volume of cream (<?), 

a. To 20 c.c. of milk add an equal volume of 10 per cent, 
solution of potassa fto hold the casein in, solution), in a cylinder, 
and repeatedly extras wiui etner./i Dry the ether residue at 
110° C. [Farther, see Phar. Jour., 1874, Sept. 5, p. 188; also 
Wanklyn'a Milk Analysis, New York, 1874, p. 24.] 

b. Evaporate 10 grams of milk — with 5 grams (fresh dried) 
charcoal powder or 15 grams (just ignited) ferric oxide or baric 
sulphate — at 100° C, till the weight is constant (total solids). 
Extract the residue, while dry (It being very hygroscopic), with 
ether, and dry the ether residue at 110° C. 

c. Use of Vogel's Lactoscopo. A test-glass made of two 
semi-circular glass plates, set parallel and exactly 0.5 centimetre 
apart, to hold a liquid between. In a mixing glass, to 100 c.c. 
of wat«r, add milk from a pipette, drop by drop, until the diluted 
milk, when examined in the test-glass, cuts off the light of a 
candle placed at 10 to 20 inches distance from the glass (the 
examination being made in a dark room). Dividing 23.2 by the 
number of c.c. of milk required (to obstruct the light),, then 
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adding to the quotient 0.23, the sum ia the per cent, of fats ia 
the milk. 

d. The milk is set in a (wide) graduated cylinder until the 
cream has fully separated, when its volume can bo read off. 
(The volume per cent, of cream in cow's milk varies from 
5 to 14.) 

Tor Quantitative Analysis of Milk, see, farther, 167 and 168. 

65. PisED Oils are separated from Volatile Oils by 
extraction of the latter with alcohol (not applicable in case of 
castor oil, which is soluble in all proportions of absolute alcohol 
or in 4 or 5 parts of 90 por cent, alcohol). — They are also 
removed from volatile oils by saponification with alkalies and 
water — They are aeparateJ from substances soluble in water 
by a t n of that solvent ; from various solids by digestion with 
etl ffr b ulphide of carbon, benzole or petroleum naphtha ; from 
ei ih by spontaneous separation in cream and melting of 
th lattt or by ether or benzole, with addition of alkali if 
n a J to prevent coagulation of the emulsifying substance. 

Fixed oils arc in many cases separated from each other by 
fractional fusion, according to differences of melting point as 
stated in the list, this means of separation being subject to the 
same limitations mentioned as pertaining to Fat Acids (56), — 
Drying oils are separated from non-drying by transformation of 
the latter into elaidin, as already directed. 

66. GIiTCEEIH'. C,H,(HO),. Characterized by its phy- 
sical properties (a) ; by the products of itg decomposition when 
heated (5) ; by the limits of its reducing power and its inter- 
ference with precipitation of metallic bases (c). — Separated from 
solids by its liquidity at low temperatures ; from volatile bodies 
by their distillation ; from sugar, gum, or gelatin by certain 
mixed solvents {a). Its proportion in mixture with water is 
determined from specific gravity, by use of a table. 

a. A colorless, syrupy liquid, of specific gravity 1.267 at 
15° C, not congealed at 18" C, (0" F.), mostly separating as a 
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liquid during the freezing of its water mixtures ; distilling very 
slowly with ateam at 100° C., slowly giving off vapor with partial 
decomposition at 130° C. (248° P.), boiling with deeompositioa 
of the most part at 290° C. (554° F.) Odorless, and of a pure, 
sweet taste, and neutral reaction. Soluble in all proportions of 
water and of alcohol ; only very slightly soluble in ether, excess 
of which separates alcohol from it ; not soluble in chloroform; 
soluble ill a mixture of 2 volumes of absolute alcohol and 1 
volume of ether (separation from Sugar, Gum, Gelatin, etc.) ; 
soluble m a mixture of equal weights of chloroform and alcoholl 
(separation from Sugar, Dextrin, Gum, Exti-actives — the mixture 
not acid) ; not soluble in benzole, bisulphide of carbon, petro- 
leum naphtha, or fixed oils. It dissolves nearly all orgamc sub- 
stances soluble in water and many of those soluble m ilcohol, 
most salts of alkaloids, and aU deliquescent salts of metals It 
dissolves baryta, strontia, and lime, with combmation, and 
potassa and soda with gradual decomposition. It holds salts of 
iron and copper in solution not precipitated by alkahes It dis 
solves one-fifth per cent., each, of sulphur and phosphorus, 20 per 
cent. 9f arsenious acid, 10 per cent, of benzoic acid, 15 pei cent 
of tannic acid (as a waxy solid melting at the tempeiatuie of the 
body), and dissolves and preserves hydrosulphurio acid. It 
strongly absorbs water from the air. It dissolves iodine freely 
■without decomposition, -bromine sparbgly with gradual decom- 
position, aiid ia changed by chlorine and by nitric acid. It com- 
bines with strong sulphuric acid, without color or effervescence, 
as the instable glyoerosulphuric aeid. 

b. At its boiling point, as above, glycerin evolves suffocating 
vctpors of acrolein, etc,, which vapors may be condensed by ice 
to a liquid, chiefly acrolein, with some acrylic a«id, acetic acid) 
etc. Acrolein is a very acrid body, boiling at 51° C. (124° F.), 
soluble in 40 parts of water. With acid sulphate of potassium, 
glycerin evolves acrolein at lower temperature. Decomposed 
and vaporized in an evaporating dish over a lamp or sand- 
bath, only a slight carbon residue remains, staining the dish 
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(distinction from mixture of Sugar, Gums, etc., whicli leave a 
pufly carbon residue) . 

c. Glycerin does not reduce hot alkaline sulphate of copper 
solution (distinction from Sugars, etc.) ; does not reduce nitrate 
of silver, even on addition of ammonia, if dilute and not heated 
(distinction from admixtures of Tormie acid and certain empy- 
reumatlc matters), but on boiling it does reduce ammonia«al 
nitrate of silver solution. (Acrolein, Butyric acid, etc., form 
white precipitates with silver nitrate, blackening on standing or 
heating.) At a boiling heat glycerin liberates iodine irom 
iodic acid. 

d. As concentrated by evaporation iiT tKe air from a water- 
bath, glycerin retains about 5 per c«nt. of water. The U. S. 
Pharmacopceia requires spec, grav: 1.25; the German Pharma- 
copteia spec. grav. 1.23 to 1.25. 
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67. SOAPS. Alkali salts of Fatty acids (and of Resin 
acids), — Charactm'ized by their peculiar touch and consistence, 
solid or gelatinous; if solid, by melting or softening when 
warmed, and more readily if retaining more water ; by dissolv- 
ing in water to a slightly cloudy solution, viscid if concentrated, 
and made more turbid by dilution, also dissolving in alcohol 
(the solution being often turbid from fats, alkaline carbonates, or 
other impurities) ; by their aqueous solutions, being precipitated 
by salts of metals not alkalies, or by acetic or stronger acida. 
In the lastnamed precipitation, the fatty acid will separate as a 
cream, and may be examineti as provided under head of Fat 
Acids, and the base in solution determined by inorganic analysis. 
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Soap solutions are precipitated, physically, hy common salt, 
potassa soaps becoming soda soaps by double decomposition. 
The oleate of potassa is (sparingly) soluble in ether ; otherwise 
the alltaline oleates, stearates, and palmitates are slightly or not 
at all soluble in ether. 

Quantitative. — a. In determining the water of soaps by 
direct evaporation, the fine shavings are exposed at first to a 
temperature of 40" to 50° C, which is after some time increased 
gradually, so as Eot to fuse, to 100° C, the latter continued until 
there is no longer a loss of weight. Stearates so treated still 
retain about 3 per cent, water, — A more satisfactory determina- 
tion of the water is effected by dissolving 1 to 2 grams soap in 
the least sufficient quantity of strong alcohol, adding a weighed 
quantity of fine sand, just dried, then evaporating, with tritura- 
tion, and drying at 110° C. — ^The water is also estimated as 
remainder after finding the fat acids, bases (combined, free, and 
carbonated), glycerin, resin, salts, color-substances, and foreign 
matter. 

5. The amount of absolute soap is determined from the fat 
acids approximately (Gr^ger) as calcium precipitate after solu- 
tion in alcohol. Ten grams of the soap, in fine shavings, are 
dissolved in 90 c.c, of 90 per cent, alcohol, the solution made up 
by addition of alcohol to 100 c.c, left to subside, and 10 c.c. of 
the clear solution are taken out, diluted with water, and precipi- 
tated with calcic chloride. The precipitate is gathered in a tared 
filter, washed, dried at 100° C, and weighed. 100 parts of this 
precipitate mdicate 101.5 parts of anhydrous soda soap. 

0. T!h& fat acids also are determined gravimetricall)/, by 
weight as free acids, by intermixture with beeswax (Hagbb), as 
follows: 10 grams of the soap are dissolved by warming in an 
evaporating dish in about 50 c.c. water, and the solution treated 
with 6 o.c. of hydrochloric acid of spec. grav. 1.124, or 9 c.c. of 
dilute (1 to 5) sulphuric acid, or enough to cause an acid reaction. 
Ten grams of pure dry beeswax are added, and melted, and the 
whole set aside to cool. The solidified mass is now carefully 
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removed from the solution, dried with blotting-papci', and 
weighed ; the weight being diminiahed by 10 grams gives the 
amount of fat acids [and resiiij. 80 parts of fat acid indicate 
about 100 parts of good dried (soda) soap (Haobr) ; 11 parts 
fat acid represent an average of 12 parts of solid fat, — According 
to Jean (t'Aewi. News, xxvi,, 200) the fat acids arc estimated 
frota the combined alkali {j), 12.6 pSrts of which (aoda) unite 
with 100 parts anhydrous fat acids. 

VoHL (Jour. Chem. Soc, 1873, 934) separates the fat acids 
(and resin) by a limited quantity o( petrokum naphtha. Ten 
grams of soap are dissolved in warm water, then decomposed by 
hydrochloric acid in a cylindrical vessel, and the solution, at 
20° C, extracted with about 10 grams of petroleum naphtha. 
This solvent is afterward evaporated in a tared dish at 30° C, 
dried at 100° C, and the residue weighed as fat acids. As to 
Resins in this process, see g. 

d. The fAt acids may be approximately determined by tho 
volume of their supernatant layer, after acidulation, in a gradu- 
ated cylinder (Bitchner). 1 c.c. equals 0.9S gram. Tho weight 
of fat add plus -^ equals the weight of fat ; and 1 00 parts of fat 
correspond to 155 parts average hard soap. 

e. Pons recommends a volumetric domination of fat acid 
by solution of calcium chloride; on which is based a valuation 
of the soap, taking average Marseilles soap — 64 per cent, fat 
aeids, 6 per oeut. soda, and 30 per cent, water — as a standard or 
unit of value. One gram of this standard soap will precipitate 
0.1074 gram calcium chloride (or 0.3532 gram barium nitrate) ; 
or 10. of soap, 1,074 of calcium chloride, the latter quantity 
being dissolved to make 1,000 c.c [1.074 of calciuni chloride 
may be obtained by dissolving 0.9675 of pure calcium carbonate, 
the solution being obtained exactly neutral.] Ten grams of the 
soap (carefully averaged) are dissolved in 100 c,o. of 85 per 
cent, alcohol^nsoluble material being removed by decantation 
or filtration, and washing — and distilled water is added to make 
the liquid measure 1,000 o.c. In a stoppered flask of 60 to 80 
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pi e 10 c.G. of the standard calcinm solution, and 

adl f b tte measuring tentlis c.c, the prepared soap 

1 h 1 after each addition until a foam remains on the 

f (as h soap test of hard -waters). The number c.c. 

us d nuch soap as 10 c.e. of corresponding solution 

f lip ould contain. Hence divide 10 by the number 

1 d \ quotient expresses the value of the soap tested, 

a mp 1 h the standard. 

For the separation of the fat acids from each other, a work 
of difficulty, see under Jat Acids (55-57). 

y. VhcomHned Jut can be extracted from soap (previously 
dissolved as far as possible in water) by petroleum naphtha at 
the teraperature of 20" C. (Compare, under Butter, 63, 
d and e.) 

g. Mesin can be extracted from dried and pulverized soap 
by means of benzole, which dissolves only traces of the soap, — 
Or, the solution of fat acids in a little petroleum naphtha (a 
quantity equal to that of the soap) — as obtained by Vohl'a 
process, given in e — contains the resin, which is now precipitated 
on dilating largely with petroleum naphtha. The precipitate 
subsides. — Also, when the fat acid (and reain) are treated with a 
mixture of water and a nearly equal volume of alcohol, the resin 
19 dissolved out. 

A. Soap may be pi-eeipiUUed from cold water solution by 
saturated solution of common salt (free from earthy bases), and 
washed on a filter with the same salt solution, with but little 
loss, the uncombined alkali (and alialine carbonate) and the 
glycerine being contained in the filtrate and washings. The total 
of alkali in this filtrate may now be determined by voium.etrie 
solution of acid, showing the uncombined alkali of the soap, in- 
cluding alkaline carbo}iate. — If the soap is dissolved in alcohol, 
alkaline carbonates remain undissolved and may be determined 
by adding volumetric solution of acid to the residue,— J^^ee 
alleali may be precipitated from alcoholic solution of soap by 
passing through a stream of carbonic acid gas.— A qualitative 
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test for free alkali or alkaline carbonate is made by adding 
mercuric chloride to the soap solution ; a red-brown to red- 
yellow precipitate indicates free sllcali — the fat acid salts formmg 
only white precipitates. 

i. Then, for volumeti'ic determination of the combined 
aUeali of the soap, the soap precipitate is rinsed (with dilute 
solution of common salt) from the filter into a beaker, and 
decomposed by a five-timos stronger than normal standard solu- 
tion of (hydrochloric) aflid, added to beginning of a«id reaction. 
After which the fat acid may be separated as a cake and weighed, 
according to o — a weighed quaatity of beeswax or paraffin being 
added, if necessary to secure soUdification. 

J. Determination of glycerin. Take 10 grams of soap, 
dissolve in alcohol, add alcoholic solution of sulphuric aeid until 
precipitation ceases, and filter. Add baric carbonate and filter 
again. Evaporate until all the alcohol is expelled, and weigh 
the sweet residue as glycerin (Sbbibr). Or, treat the filtrate 
from aeid precipitation of the fat acids with basic subacetote of 
lead, filter, remove the excess of lead by hydrosulphuric acid 
and filtration, neutralize with hydrochloric acid and extract with 
a mixture of alcohol 2 vols, and ether 1 vol. Evaporate this 
solvent and weigh as glycerin (Vohl). 

h. A plan for determination of the constituents of soap, 
viz.; (1) Carbonates and other salts, color substances and foreign 
matters; (3) Free Alkali; (8) Combined Alkali; (4) Fatty 
acids with resin.; (5) Fatty acids without resin; (6) Glycerin; 
(7) Water.* 

For (1): Digest ten grams soap with alcohol (five or six 
ounces) on water-bath, filter and wash with hot alcohol in a hot 
funnel. Dry the residue at 100° C. and weigh. Analyze this 
residue by solution with water, by alkalimetry, etc. 

For (2) : Throiigh the filtrate of (1) pass a stream of car- 
bonic acid gas ; if a precipitate Ibrms, continue until its forma- 

♦ Sbkieh: "AProcess,"etc., .dflii Jour. Fhar., 1874, 853. 
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tion ceases ; filter and ^vash and determine the alkali in the preci- 
pitate by a Tolumetrio solution of (oxalic) acid. (See h.) 

For (3) : The filtrate from (2)— or If there was no precipitate 
in (2), the filtrate from (1) — after the addition of about an ounce 
of water, is evaporated on the water-bath to expel all the alcohol, 
and the (eombinecl) alkali therein determined (as Soda or Potassa) 
by adding a normal solution of oxalic acid to acid reaction. 
(Compare i.) 

For (4) r To the mixture left in (3) add a little sulphuric 
a«id ; then add t«n grams of previously melt«d beeswax, heat on 
a wat«r-bath to fuse the wax, cool, weigh the cake, and subtract 
the weight of the wax. (Compare c.) 

For (5) : Dissolve 40 grams of soap in water, decompose by 
dilute sulphuric acid, cool at temperature below 14° C, separate 
and weigh the fatty acids ; then digest them for some time with 
s. mixture of water with nearly as much alcohol, until the subsi- 
dent liquid (when the mixture has cooled aiid the fatty acids 
again solidified) ceases to he milky. Weigh the fatty stratum 
again ; subtract the previous weight, and divide by four — for the 
resin in 10 grams soap. (Compare g^ 

For (6) : Proceed according to the first method under _/. 

For (7) ; Estimate by difference ; or by evaporation of another 
portion with alcohol and sand, as directed in a. 

68. EESINS. Compound? ofC,H, inlO Vitieous and 
mostly brittle solids (\^hen unmi\ed) acftemng and meltmg 
when gently heated, but not vaporizable (distmctun fiom cam 
phors) ; mostly heavier than water The cUss includca some 
substances of pungent taste, some of poisonous effect, and some 
of intense color. Mostly insoluble or but slightlj soluble m 
water: mostly soluble m ^h'^oluto alcohol, by fai the gieater 
number soluble in ethei and in benzole (means of separation fiom 
gums). Many resms are soluble m aqueous alkalies, by combi- 
nation as resin-soaps ; and in alcoholic solution show the acid 
reaction. 
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The resins of commerce iaclude, first, vegetable exudates, of 
which the Eesina proper mostly coataiu some extractive matters ; 
the Gum-resins being mixtures with gums; the Oleo-resins, mix- 
tures with volatile oils (including the source of common resin or 
colophony) ; and the Balsams, mixtures with volatile oils and 
acids formed by oxidation of volatile oils. Second, resins 
extracted from plants by alcohol, including some of both the Me- 
dicinal resins and the Color resins'. And, thii-d, resins obtained 
from licLuid plant juices which are dried as a part of the manu- 
facture ; these including two bodies insoluble in alcohol, Caout- 
ehouo and Indigo. 

89, The separation of resias from volatile oils is eifected by 
distiUation with water; from gums, by fusion and straining 
at 100° C. ; and from various bodies and from each other by 
action of the solvents applicable in the case. See Recapitulation, 
O"* Solution with alcohol and precipitation 'bj pouring the solu- 
tion mto Mater is by far the most generally applicable process; 
solution w ith aqueous alkali and precipitation by acid may some- 
times he employed. 

70 The EEsiNOtrs matter of Aloes is fusible on the water- 
bath lU'ioluble in cold water, partly soluble in boiling water, 
freely soluble in alcohol, partly soluble in ether, scarcely at all 
soluble in chloroform, benzole, naphtha, bisulphide of carbon, 
freely soluble in aqueous alkalies and in glycerin. — Aloes yields 
parcLcuinaric acid, as follows : The hot ammoniacal water solution 
is precipitated with acetate of lead, the filtrate freed from lead 
by dilute sulphuric acid, and this second filtrate is boiled in 
presence of the (excess of) sulphuric acid — forming (from resin) 
paracumaric aeid in solution. The latter colors ferric chloride 
dark gold-brown. — The residue from an ammoniacal solution of 
material containing aloes, when saturated with hydrochloric acid, 
yields the odor of aloes. Farther, see Aloin. 

71. Amber Resin, Amber contains Succinic acid, Volatile 
oil, and resin {two -resins). Amber is a-hard and brittle, more 
or less transparent solid, of spec. grav. 1.065; tasteless, rto- 
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matic when, rubbed or wanned, of various colors, chiefly yellow 
or orange. — Subjected to gradually inci-eaaing heat, it softens ; 
at 110° to 260° C, evolves a volatile oil colored blue by 
hydrochloric soid ; at about 235° C, evolves succinic anhydride ; 
at 287°, it fuses ; at higher temperature^s, yields first a colorless 
oil, then a yellowish was. — Amber resin is insoluble in water, 
alcohol (except -jJj- -which is sofb reaia), ether, benzole, bisulphide 
of carbon, petroleum naphtha, volatile and fixed oils, but soluble 
in fixed alkalies (except a slight residue) and in concentrated 
sulphuric acid (with a red color). — Fuming nitric acid changes 
it to a nitrogenous resin of music-like odor and gelatinous con- 
sistence — " artificial musk." 

72. Ammoniac Eesin. Ammoniac contains 72 per cent, resin 
and 22 per cent, gums, and a little volatile oil. Ammoniac is a 
solid, soft when warmed, brittle when cold, of specific gravity 
1.207, whitish to yellow-brown and dirty gray, of a sweetish- 
bitter and acrid taste and strong peculiar odor. Ammoniac is 
partly soluble in water, alcohol, ether, acetic acid, and aqueous 
alkalies. Ammoniac Resin is wholly soluble in alcohol, in fixed 
and volatile oils, in sulphuric acid, acetic acid, and aqueous alka- 
lies, and partly soluble in ether. 

73. AssAFETiDA Resin. Assafetida contains over 60 per 
cent of resin, about SO per cent, of gums, and about 4 per cent, 
of volatile oil (whereon its odor depends). Assafetida is a solid, 
soft when warm, and brittle when cold, of spec. grav. 1.327, 
having an intense fetid and alliaeeous odor and a bitter, acrid, 
and persistent taste. Its color is variegated aud altered, being 
on fresh surfaces whitish to yellowbh becoming reddish to 
yellow-brown on exposure. — ^The 11 Is parated by dis- 
tillation with water, contains sulpl 1 b lis at 140° C, — 
Assafetida resin is readily solubl al h 1 wholly insolu- 
ble in water, nearly all soluble n b n ostly soluble in 
alkalies. 

74. Benzoin Resins. Benzoin or "benzoin-gum" consists 
of iibout three-fourths part resins, 10 to 15 per ceut. of Benzoic 
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acid, with a little gum and a very little volatile oil. Benzoin is a 
lirittle solid, of spec. grav. above 1.062, melting and evolving 
benzoic acid when heated ; . of variegated colors, fragrant bal- 
samic odor, and little taste, with slight aerid after-taste when 
chewed. Benzoin resins (three have been identified) are all 
soluble in alcohol, in concentrated sulphario aoid (from which 
water precipitates them violet), and in strong potassa solution, 
but insoluble in water. Eesin-o is insoluble in aqueous carbon- 
ate of sodium, or in ammonia, but solullle in ether, Eesin-J has 
the solubilities above given for a, except that it is insoluble in 
ether. Besin-c is sparingly soluble in ether atiA in volatile oils, 
and soluble in aqueous oai'bonate of sodium. The ether solution 
of c deposits a sediment which has been considei-ed a fourth 
resin. — Dry distillation of benzoin, after removal of benzoic 
acid, gives a rose-i-ed distillate. 

76. Canauba Wax. Consists of myristic alcohol, resin, and 
other substance. It is a solid of spec, grav, 0.999, harder than 
beeswax, melting at 84° C, and of a greenish-yellow color, it 
is insoluble in water ; dissolves with difficulty in alcohol, in 
ether, and in bisulphide of carbon ; dissolves readily in oil of 
turpentine, but not at all in linseed oil, and not in aqueous alka- 
lies. It is not changed by sulphuric acid, but is stained deep 
yellow by nitric acid, 

78. CAOoroHOUC, Fusible at 120° C. (248° F.) ; not vapor- 
izable. The larger part soluble in ether, benzole, bisulphide of 
carbon, petroleum naphtha, or oil of turpentine ; wholly soluble 
■in chloroform, and in a mixture of 100 parts bisulphide of carbon 
with 6 or 8 parts of absolute alcohol. Sparingly soluble in hot 
amyiie alcohol. Not acted upon by alcohol or aqueous alkalies ; 
slowly decomposed by concentrated sulphuric or nitric acid. 

77 Colophony. Resin of Turpentine. Common Resin or 
Eos n — \. pale yellow to brownish-yellow, translucent, brittle, 
V tieous i d of spec. grav. of 1.07 to 1.08; softening at 70° 
G and melt y at 135° 0. At a higher temperature it suffers 
destTCtvo list llation, formitig "essence of rosin" and then 
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"rosin oil.'' — Insoluble in wat«r; soluble in alcohol, other, 
chloroform, fceuzole, petroleum naphtha (with much difficulty), 
"volatile and fixed oils, methyllc alcohol, aqueous alkalies (fixed 
and TolatJle), anilin, and hot aqueous cai-honate of sodium. The 
three constituents — pinic, sylvic, and colopholio (or pimaric) 
adds — vary in solubility in certain solvents ; cold dilute alcohol 
dissolving only pinic acid. 

78. Copaiba Eesins, Balsam of Copaiba consists of several 
resins and a volatile oil (a terpene). The most abundant of these 
resins, Copaivic acib (the proportion of which is very variable), 
is a brittle solid, crystallizable in colorless rhombs ; soluble in 
strong alcohol, ether, benzole, petroleum naphtha, volatile and 
fixed oils, and aqueous altalics. Its alcohol solution reddens 
litmus. Alcohol solutions of the alkaline copalvates, with alcohol 
solutions of salts of non-alkaline m.etals, on adding water, pi-eci- 
pitate white metallic copaivates, more or less freely soluble in 
alcohol. The silver precipitate is crystalline, and the lead preci- 
pitate slightly so, — ^The other resins are soluble in alcohol, ether, 
fixed and volatile oUs, and aqueous alkalies. 

79. Copal. Spec, grav. 1.045 to 1.13d. Brittle, softening 
at 50° C, more or less translucent, colorless to yellowisli-brown. 
Consists of several resins. As a whole, it is imperfectly soluble 
in alcohol ; slightly and slowly soluble in ether, bisulphide of 
carbon, ammonia ; slowly soluble in oil of turpentine ; readily 
soluble in oii of cajeput, or oil of rosemary, or " oil of caout- 
chouc." It is soluble in cold concentrated sulphuric and nitric 
acids, decomposing when these solutions arc heated. Not 
soluble in alkalies ; but combines with alkalies in boiling solu- 
fo to for n a oaj lublo 'n ater ot contain' ng f ee all ali. 

80 D MMARA E 4.1 stralian Damma e ac d with 

Da nmara — 1 at s an ic d a d a neutral res n — Both resins 
are solul le al solute alcohol oth r turpe t e o 1 1 enzole, 
petrole u nap! tha and sol tions of f xed alkal e The acid 
es s sol bl 1 e t al res n s luble aq eo s al hoi. — 
Fat r 7 la ( 1 a la ) ^i .1,04 
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to 1.09, brittle, melting when heated. Partiully soluble in 
absolute alcohol, about -j^ soluble in other, fully soluble in fixed 
and volatile oils, benzole, and bisulphide of carbon, and in con- 
centrated sulphuric acid with a red color. It is not soluble in 
aqueous alkalies. 

81. Dkagok'b Blood, A brittle, dark-brown, opaque, odor- 
less, and tasteless solid ; soluble (with red color) in alcohol, 
ether, fised and volatile oils, and mostly soluble in alkalies. 
The alcoholic solution forms red or violet precipitates with 
metalllo ealtB. 

82, Gamboqb Resin. Gamboge is over three-fourths resin ; 
the rest mostly gums, with a little stai-ch. Gamboge is a brittle, 
pulverulent solid, of spec. grav. 1.22, burning when heated ; red- 
dish-yellow iu mass, bright yellow in powder; nearly odorless at 
ordinary temperatures, hut giving a peculiar odor when heated ; 
a slight first-tasto but a sweetish-acrid and dry aJter-taste when 
chewed, causing a flow of yellow-col oi-ed saliva. — Gamboge is 
easily emulsified with water, which dissolves gum froniit, the 
resin being slowly deposited; is readily soluble in alcohol (with 
a little starchy residue), is soluble in aqueous alkalies, and yields 
its resin (only) to the solvent powers of cthor, chloroform, bisul- 
phide of carbon, and benzole (slowly). Boiling solution of sodio 
carbonate dissolves gamboge gelatinous. Gamboge is wholly 
dissolved by the successive action of ether and water (separation 
from commercial impurities). — Gamboge Jieszn ("gambogio 
acid " — usually extracted from gamboge by ether) is soluble in 
cold, concentrated, sulphuric acid, with a red color, and precipi- 
tated unchanged by adding water to this solution (a characterisT 
tic reaction). Boiled with nitric a«id of 10 to 15 per cent, anhy- 
dride, the mixture then dissolved in alcohol and then treated with 
water, a yellow precipitate is obtained (distinction from Saiiron 
orTurmeric). — The aqueous alkaline gambogates are precipitated 
red by commou salt, and give red precij?itates with baric salts^ 
yellow precipitates with zincic and plumbic salts, hrown precipi- 
tates with cupric salts, and brownish-yellow with argentic salts 
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— most of these pveclpitates teing somewhat soluble in water and 
in alcohol. 

For the sqMratloti qf gamboge resin from associated raedi- 
einal resins (Hager) the material is triturated ■with 98 per cent, 
alcohol (and pulverized heavy spar) at a gentle heat, and the 
extract so obtained ia dried and digested with chloroform. Aloes 
resin, Convolvulin, and Coloeynth resin are left behind (with 
d part of Agaric) ; while the gamboge resin is dissolved, with 
Jalapin, Guaiac resin. Myrrh, Tolu resin. Senna resin (and 
a part of Agaric), The residae fixim this chloroform solution 
is now digested with boiling solution of aodic carbonate ; when, 
of those named above as in the chloroform solution, only the 
gamboge resiu will dissolve (with traces of senna and agaric). 
Acids separate the gamboge i-esia from its soda solution. 

'83. GuAiACUM, A brittle, pulverizable solid, of spec. grav. 
about 1,2, melting at a moderate heat; of a faintly fragrant odor 
and persistent acrid after-taste. Its color ia yellowish-green to 
reddish-brown ; the foi-mor color induced by exposwe to the air. 
Water dissolves a one-tenth of guaia« resin, strong alcohol about 
nine-tenths, alcohol of 83 per cent, slowly dissolves it all. Ether 
and oil of turpentine di^olve about as much as alcohol ; benzole 
does not dissolve it. It nearly all dissolves in aqueous alkalies. 
Bnlphnric acid dissolves it with a flue rod color (and formation 
of glucose and guaiaretin) ; the solution is precipitated violet 
with water, or violet blue to blue-green by alcohol, — Guaiac rosin 
is easy to sulTer oxidation, whereby bright colors are produced. 
The powder and the alcoholic solution turn green by exposure to 
the air, or blue by exposure to ozone. The alcohol solution is 
also turned green by nitric acid, and blue by nitrous acid, chlo- 
rine, fetric chloride, or by ethereal solution of binoxide of hydro- 
gen in presence of blood-stains. Hyposulphite of sodium changes 
the blue color to violet and then bleaches it ; sulphurous acid 
bleaches it slowly — or promptly if zinc has been placed in the acid. 

84, Hemp Resik. Cannabin. Kesln of Indian hemp. — A 
light-brown, lustrous solid or soft solid, melting at C8° C, and 
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of ,1 fragrant odor and bitterish, acrid taste. Insoluble in water, 
scarcely soluble in cold alcohol of 80 per cent., soluble in hot, 
strong alcohol, in etlior, spirit of nitrous ether, chloi-oform, bisul- 
phide of carbon, cold volatile oils, and warm fixed oils. Insolu- 
ble in aqueous allialies ; haying a neutral reaction. 

85. Inmgo Blue. CgHjlTO. Inodorous, tasteless, and 
neutral. Sublimes from the solid state, at about 288° C, with- 
out decomposition if in a current of air or in vacuum, forming 
purple-red vapors in open vessels, and condensing in right 
rhombic prisms. — It is insoluble in water, cold alcohol, ether, 
fixed and volatile oils when cold ; hot alcohol and hot oil of tur- 
pentine and hot fixed oils dissolving it very sparingly. Insoluble 
in aqueous alkalies. Soluble in creosote and in hot phenio acid ; 
soluble in concentrated sulphuric acid (as sulphindigotio acid). — 
Indigo blue is e^ayated from fixed substances by sublimation 
from platinum foil (good indigo having 7 to 10 per cent, of ash) ; 
and by the use of solvents which leave it in residue. It is valued, 
in numerous processes, by the quantity of chlorine or other 
bleaching agent necessary to decolorize it. 

86. Jaiap Resims. Eesin of Jalap, of the pharmacopceias. — 
A brownish, brittle, opaque, fusible mass, or yellowish^ray to 
yellowish- white powder; of a repulsive odor, slight at ordinary- 
temperatures, but much increased on heating, and a pungent, 
acrid taste. — It is soluble in alcohol (with neutral reaction), in 
aqueous fixed alkalies and alkaline carbonates, and in acetic acid ; 
insoluble ia volatile and fixed oils. — Eesin of jalap consists of 
two distinct resins, Jalapin and Convolvulin ; that of pharmaco- 
pceial or Tuberose jalap being about one-ninth jaJapin and eight- 
ninths convolvulin ; that of Fusifoi-m jalap, mostly jalapin. 

87. Jalapih (or Scammonin) is a soft; amorphous solid, 
brittle at 100° C, melting at 150° C, white in powder, tasteless, 
inodorous, and nearly neutral in reaction. It is very slightly 
soluble in water ; freely soluble in ether, chloroform, methylio 
alcohol, benzole, petroleum naphtha, and oil of turpentine. CoM 
coneontratod sulphuric acid dissolves jalapin; the solution be- 
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coming purple in five or ten minutes, then broivn, and Jastly 
black. — It dissolves in aqueous alkalies or their carbonates, and, 
on acidulating these solutions, Jalapio (Seammouic) acid is 
liberated — as a body soluble in water and having a strongly acid 
reaction. The salts of jalapio acid are nearly all soluble in 
water, but subacetate of lead precipitates it. — On heating Jalapin 
(or Jalapic acid) with dilute mineral acids, glucosic fermentation 
occurs, witli formation of jalapinol and glucose. Jalapinol is in- 
soluble in cold, sparingly soluble in hot water, soluble in alcohol 
and in other; soluble in aqueous alkalies with combination as 
jalapinolic acid. Jalapinolio acid, liberated from its alkali salts 
l>y acidifying, is insoluble in water, but soluble in alcohol and in 
ether. Its lead and barium salts are nearly insoluble in water. — 
Jalapin and jalapic acid are amorphous ; jalapinol crystallizes in 
white cauliflower-like masses, melting at 62° C. ; jalapinolic acid 
crystallizes in tufts of needles (four-sided prisms), melting at 
63° C. 

88. CoNvoLvuLiN (the larger portion of Tuberose jalap and 
a very small proportion of Fusiform jalap) is a brittle, vitreous 
solid, melting below 100° C. when moist, or at 150° C. when dry, 
colorless and transparent in mass, or white in powder, inodorous 
and tasteless, and of a slight aeid reaction. — Nearly insoluble in 
water ; soluble in alcohol, acetic aeid, and aqueous alkalies and 
alkaline carbonates (as convolvulinic acid) ; not soluble in ether 
(separation from Jalapin). — It dissolves slowly in cold concen- 
trated sulphnrio acid, with a fine carmine-red color, afterward 
changing to brown ; this change being a glucosic fermentation, 
with formation of convolvulinol and glucose. But dilute sul- 
phuric acid has no effect. — Convolvulio acid is formed in acidify- 
ing the alkaline solutions of convolvulin ; it is a white solid, 
fusing above 100° C, having a strong acid reaction, and freely 
soluble in water and alcohol, insoluble in ether. Ite metallic 
salts are soluble, except that fonned with basic acetate of lend. 

89. Lac ResJn. Stick Lac consists of about two-thirds 
resin, onc-tcnth coloring matter, with wa.v, gluten, etc. Seed 
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Lao contains more vosin and less coloring and nitrogenous matter. 
Shell Lao is about 90 per cent, resins, 5 per eent. w»x, 2.5 per 
cent, gluten, and 0.5 per cent coloring The coloring matter of 
lac is soluble in water ; is bright red with acitis and deep violet 
with alkalies ; is precipitated by alum 

Shell TiCic is insoluble in water soluble in alcohol; mostly 
soluble in methylio alcohol, "i^holly soluble in aqueous alkalies, 
and in water solution of borax, and m hydrochloric and acetic 
acids. — Lac resin is separated irom most other resins, and from 
many natural and commercial impmities, by dissolving in a solu- 
tion of ^ part borax and 20 to 30 paits wator to one part of lac. 
The solution may be diluted farther. (Good shell lac leaves not 
over 1.5 per cent, residue ; poor, as much as 8 per cent.) By 10 
per cent, ammonia at 25° to 30° C. iac is not dissolved, while 
Colophony dissolves and appears, after acidulation, as a precipi- 
tate. Cold ether (of 0.720 spec, grav.) does not dissolve more 
than 5 to 6 per cent., chloroform not over 7^ per cent, from good 
lac, the dissolved part being wax with a very little resin (separa- 
tion from Colophony and other resins). 

80. Mastic. A translucent solid, brittle and inodorous at 
ordinary temperatures, but soft and ductile when chewed and 
fragrant when heated, of a faintly terebinthinate taste. Alcohol 
dissolves about four-fifths, leaving Masticin undissolved. Ether, 
chloroform, and oil of turpentine dissolve it wholly. It is largely 
soluble in benzole. 

91. Myrrh Resin. Consists of resins, about ^ part; gums, 
about -I part; with a very little soluble extractive. Myrrh 
forms an emulsion and partial solution with water, a nearly com- 
plete solution, with much aqueous potassa, and yields its resiii to 
alcohol, ether, and chloroform. — The Resin of Myrrh is readily 
soluble in alcohol, ether, chloroform ; slightly soluble in hot 
solution of sodic carbonate ; about one-half part soluble in bisul- 
phide of carbon. That pai-t extracted with bisulphide of carbon, 
when dissolved in alcohol and warmed with 25 per cent, nitric 
acid, gives a violet color. 
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92. Olibanitm Eesin. Frankincense. Incense. — Olibaiium 
is about one-Iialf part reain, one-third part gum, one-twelfth part 
volatile oil, The gum is soluble in water; the resin ia soluble 
in alcohol. 

93. Eesin of Pbeu Balsam, About \ resins, -^ volatile oil, 
less than -^ ciimamic acid. The Balsam is of thiek-syritpy con- 
sistence; spec. grav. 1.15 (sinks in an 18 per cent, solution of 
common salt). Soluble in absolute alcohol in all proportions, or 
in 6 parts of 90 per cent, alcohol with slight turbidity ; perfectly 
soluble in all proportions of absolute ether, chloroform, and 
amylic alcohol. Bisulphide of carbon dissolves the greater 
part; benzole and petroleum naphtha dissolve about one-half. 
It mixes with about \ part of castor oil, and with i part copaiba 
balsam. Sulphuric a«id converts the balsam into a thick red 
mass. Aqueous alkalies dissolve out the resin. 10.0 of the bal- 
sam requires over 0,7 grams crystallized sodio carbonate to ueu- 
trallize its cinnamic acid. 

94. PoDOPHiLLUM Rbsih. Consists of two resins. Insoluble 
in water; wholly soluble in alcohol; about J part soluble in 
ether ; wholly soluble in aqueous alkalies, from which solutions 
acids precipitate it (distinction from resins of Jalap and Scam- 
mony). Insoluble in benzole. 

95. Sandabac. a brittle, yellow solid. Contains three 
resins. Sandarao ia insoluble in wat«v; wholly soluble in 
alcohol — J part dissolving easily in cold ordinary alcohol, a small 
part requiring boding alcohol, and a still smaller part a lai^e 
quantity of this solvent for solution. It is easily soluble in ether 
and in oil of turpentine, imperfectly soluble in bisulphide of 
carbon, benzole, petroleum naphtha, or linseed oil. Nitric add 
colors it clear brown. 

98. ScAMMONY Resin. Convolvulin. See Jalapin (87). 

97, Resinous part of Stokax, Consists of (two) resins, and 
Styracin or Cinnamate of Cinnyl (C,H,C,H,Oj). Alcohol and 
ether dissolve the whole. In cold alcohol, the styracin crystal- 
lizes in tufts of pi-isms. Styracin is tasteless and odorless, more 
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t eh IuTjIc 11 ethpr than mk li 1 1 h t 1 th i i i ti <, 
ic J 01 with, hionic atid or with suljhmit, lud and I i (\icie 
of manganese it jields benzoyl hjdnde (ril of hittei ftlmond&) 

98 Pesins of Tour Bjilsam The Bai&am consists of 80 to 
90 pel cent of lesin about li pei cent of ciniiaoiic acil tnd 
Ies9 than 1 pei cent of volat le oil It is wholly solulle m 
alcohol chlopofoim volatile oils and aqueous alkilies fiitlj 
soluble m ether insoluble in benzole petioleum naphtha 1 sul 
phide of cavlDon, and solution of carbonate of sodium. The 
Resins of Tolu balsam are soluble in cold conoentrnted sulphuric 
acid, without change. 

99. Separation of Reams by Solvents. Recapitulation. 
— Water dissolves a part of tho rosin of Assafetida, a pai-t of 
Gamboge, about -^ of Guaiac resin, and slightly dissolves 
Jalapin. 

a. Alcohol fails to dissolve -^^ of Amber, Canatiba wax, 
Caoutchouc, a part of Copal, ^ of Giiaiacum, Indigo blue (dis- 
solving slightly with heat), and \ of Mastic. 

h. AotueOTlS Alkalies (pofcassa or soda) dissolve Aloes resin, 
Ajnher, Ammoniac, Assafetida (mostly), Benzoin, Colophony, 
Convolvulin (with chaage), Dammara (Australian), Dragon's 
Blood (mostly), Guaiacum, Jalapin (with change), Lac resin, 
Myrrh, and resins of Podophyllum and of Pern and Tolu bal- 
sams. — These solvents do not dissolve Canaflba wax. Caoutchouc, 
Copal, Dammara (East Indian), Hemp resin, Indigo blue. 

C. Ether dissolves resin of Aloes, Ammoniac (in part), 
Assafetida resin (mostly). Benzoin (in part), Cannilba wax (with 
difficulty). Caoutchouc (mostly). Colophony, Copal (with diffi- 
culty), Dammara (in part), Dragon's Blood, Gamboge, Guaiacum 
(in greater part). Hemp resin (Cannabin), Jalapin, Mastic, resin 
of Peru balsam, |- of Podophyllum resin, Sandarac, Styracin, 
and resin of Tolu balsam. — Ether does not dissolve Amber, 
Indigo, and J of Podophyllum resin. 

d. Chloroform dissolves Caoutchouc, Colophony, Gamboge, 
Guaiacum, Hemp resin (Cannabin), Jalapin, Mastic, Myrrh, 
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resin of Peru balsam, resin of Seiina, rosin of Tolu balsani. 
— Chloroform does not dissolve Agaric (iii chief part), resin of 
Aloes, resio of Colocynth, Convolvulin. 

e. Bunlphide of Carbon dissolms Canaiiba wax, Caoutchouc, 
Copal (slowly), Dammara, Gamboge, Hemp resin, -^ of Myrrh, 
resiu of Peru balsam, Sandarac (in part). — It does not dissolve 
Amber, Indigo blue, -J- of Myrrh, resin of Tolii balsam. 

f. Banzole dissolves Caoutchouc, Colophony, Dammara, 
Gamboge, Jalapin, Mastic (mostly), ^ of the resins of Peru 
balsam, Sandarac (in part). Benzole does not dissolve Amber, 
Guaiaeum, resin of Podophyllum, resin of Tolu balsam. 

ff. Oil of Turpentine dissolves Ammoniac, Benzoin resin (in 
part), Canaiiba wax. Caoutchouc, Colophony, Copal (slowly), 
Dammara, Dragon's Blood, Guaiaeum (mostly), Hemp resin, 
Jalapin, Mastic, Sandarae, resin of Tolu balsam. — It does not 
dissolve Amber, Indigo (without heating), 

h. Sulpbiiiric Acid, concentrated, cold, dissolves Amber (with 
red color). Ammoniac, Benzoin resin, Convolvulin (with red 
color turning brown), Copal, Dammara (with red color), Gam- 
boge (with red color), Guaiaeum (with red color, etc.), Indigo 
blue. — It does not dissolve Caoutchouc. 

100. VOLATIE^ OILS. In composition, 1st, Hydrocar- 
bons, or " olteoptenes," mostly of the formula (Cj,Hj,)m., iv 
large class; 

2d, Oxidized oils (C, H, O), including (1) hydrates of hydro- 
carbons, the " stearoptenes " or camphors, a moderate number 
being found alone and a large number in mixtures with the elre- 
optenes, (2) aldehydes, (3) compound ethers, generally in natural 
mixture with elaiopteaes, (4) of irregular composition ; 

3d, Sulphurized oils (C, H, O, S), a small class, products of 
natural fermentation, and having odors resembling eaeh other, 

101. Mostly liquids, a few oils and stearoptene parts of oils 
melting at a little above ordinary temperature;, the greater 
number lighter, a few heavier, than water; very slowly volatile 
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at ordinary temperatures, mostly having boiling points above 
150° C, but all distilling, slowly, ■with steam at 100° C, and 
leaving a transient oil-spot on paper. They are noted for sti-ong 
and persistent odors ; colorless, or with pale colors, in a iew 
instances tinted blue with cterulein, transparent and possessed of 
strong refractive powers. — ^The volatile oils are neutral in reac- 
tion ; not generally liable to decomposition or combination 
cxc«pt with oxygen. By air and light many of them alter and 
form resinous bodies ; the elseoptenes forming stearoptenes, and 
{by oxidizing agents) aldehydes forming acids. 

102. Volatile oils are very sparingly soluble in water, requir- 
ing intimate mixture and generaJly from 600 to 1,000 parts of 
water for solution; soluble in alcohol, and in all proportions of 
absolute alcohol, ether, chloroform, benzole, petroleum naphtha, 
bisulphide of carbon, fixed oils and other volatile oils. Alkalies 
dn not affect tliem.— Certain oils, after distillation with water, 
retain traces of water in solution. This occura with oils of ber- 
gamot, cinnamon, cloves, junipei", lavender, lemon, rosemary, 
sassafras, spilte, wintergreen ;' not with oils of amber, cedar, rue, 
turpentine. Tho presence' of water is shown by turbidity on 
mixture with several volumes of petroleum naphtha (Leuchs). — 
Volatile oils are scarcely at all soluble in aqueous solutions of 
chloride, nitrate or sulphate of sodium. 

103. The volatile oils are cTiaraeterized by their individual 
odors, their physical properties (as stated above and in 105 and 
106), by various special reactions (the most of which are stated 
in 107 to 114), by their refractive indices and their absorption 
spectra, and by their eohesion-ligures when dropped upon a still 
surface of pure w^ater.* 

104. Volatile Oila are aeparatod from substances more 
or less volatile by their distillation with steam ; from many sub- 
stances by their slight solubility in water (farther lessened by 
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common, salt) and ready solubility in alcohol, ether, etc. — From 
Fixed Oils they may be separated by distillation with water ; 
by solution in alcohol {not from castor oil) ; or by alkaline 
saponiiicatloil of the lixed oil. 

From Alcohol, they maybe separated (in greater part) by 
addition of water ; (in part) by addition of fixed oil ; (in part) 
by addition of dry (^orlde of caloium, and (with a little loss) 
by repeated distillations with water, — Also (qualitatively) by 
adding to 5 or 10 drops of the oil, in a test-tube, a fragment of 
dry tannic acid, agitating, and leaving several lioui's at ordinary 
temperature. In absence of alcohol, the tarniin remains solid, 
porous, and floats ; in presence of alcohol, it becomes pasty or 
liquid, and adheres to the glass or sinks (IIagbe). — Fartiier, 
volatile oils may be (quantitatively) separated from alcohol by 
irlycerin (Haobr) : In a graduated cylinder place 10 parts of the 
mixture of oil and alcohol and 10. parts of a mixture of | gly- 
cerin and J water, agitate, and set aside a few hours for separa- 
tion. Read off at about 17.5" C, (Oil of Balm is soluble in 
glycerin.) — Separation of volatile oils (or of Camphor) from 
alcohol may be made by water solution of nitrate or sulphate 
of aodiTini much move nearly than by water alone, and for 
approximately quantitative purposes. In a flask with a graduated 
neck, or a wide cylinder having its' upper third narrowed and 
graduated, place about 3 vols, of a half-saturated solution of the 
salt and add 1 vol. of the alcohol solution of oil or camphor, 
agitate thoroughly, add enough of the salt solution to adjust the 
surface to graduated portion of the measure, and set aside at 
30° to 25° 0. until the liquids separate clear. The c.o. of oil 
multiplied by its spec, grav, equal the grams. For camphor 
(and if desired for oils) the process may be completed gravi- 
metrically, by adding about 3 parts of exactly weighed paraffin, 
fusing (inserting a platinum hook), and weighing when cold. 
Compare 67, c- 
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vui.ATiLi: uj/..^'. 



v«„.o„.. 


„„.„.„..„„. 


""'S"'"^- ' 


....„»,.. 


Amber, 


Yellowish or reddisii-brown. 


Colorless oi 
jellowlhh 


8)-0.8S 


Aniso, . 


Pale veliow to yellow. 




98-. aa 


iBalm, . 


Yellowish. 






Bergamot . 


Yellowish-green orbrown-yel 


Colorless oi 


'IS- .03 




low. 


VEllowIsh 




Bitter Almond, 




1 


oi-Loe 


SfiSS, : 


Green. 


C<lurlost, 


01— .04 


Pale yellow. 




b9— .95 


Camphor (oil ol) 


Yellowish to reddish-brown. 




94 




Pale yel'w, growing brownish 


Lolorle-^ 


01- .0.{ 




ereenish-yellow. 




93— .96 


Casearillo, , 


DarkyeUow. 
Darktlue. 




SO— .83 


Cliamomile, 




91— .91 


Cinnamon, . 


Light blue. 

Yellow, becoming darter. 

Light yellow to &ik yellow. 


; 


03-1.06 


" (Cassia), 




03—1.08 


Cloves, 


Brownisb-yeilow. 




03-1.0(1 


Copaiba, . 


Colorless or yellowish. 


Colorless. 


8r- SI 


Coriander, . 


Yellowish. 


Colorloas, 


87— .80 


Cubeb, 


Colorless. 




U3-.!M 


Cummin, 


Yellowish. 




90- .97 


Dill, . 


Yellowish, beeomiiis red-br'n. 




88— M 


Bucalyptns, 


Colorless. 




88- .93 


Colorless, growing yeilowi-sh. 
Yellowish. 




90— .90 


Galbanum, , 




90- .93 


Geranhim, . 


YeUowish. 






YeUowish. 




90-. HI 


Hedeonio, . 


Light yellow. 

Pale brownish yellow. 




HI 


Hops, . 




90- .91 


Ja^ln, . 


Yellowish. 






Juniper wood, 


Colorless oryellowiah-gi-een. 
Colorless, yefwish or greenfEh. 






Colorle^. 


84— .8fl 


Lavender, . 


Colorless, arowing daiker. 
YellowSi. 




87— M- 


Lemon, 


Colorlass. 


8i'>-.ee5 


Mace. . . 


Pale yellow. 


Colorless. 


87— .95 


Mai'ioram, . 


Olearyellow. 
Colorless or yellowish. 




89— .93 


Myrrh, . 




10-^1.13 


Nutmeg, . 


Pale yellow, darkening. 
Coloriesi, growing yellowish. 




93— .93 


Orange flowei-s. 
Orange peel. 


Colorless. 


^5-.fl^ 


Origraium, . 


YeUowish to brown-yellow. 








Yellowish. 




03— l.M 


Pepper '{black), . 


Yellowish to clear-brown. 




85— .89 


Peppermint, 


Pale yellow, or greenish Iri- 
descent. 
Colorless to yellowish. 






Piraentolallspica) 




80- .03 


Rosomary, . 


Colorless, i-eddish, oi- veTwish; 
concrete below 30° C. 




^8— .9a 


Koses, . 




83- M 


Rosewood, . 


Pale yellow. 
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S XEI'TIIAL ST'BS: 

105. COLOK ANB Sl-J 



.ixci:.% .LIQUID oji: Firsini.E 
::iFio GiiAvrry or Volatile ( 
C'ontiimieih 



v.,..,.:,,,. 


»,.,.„.. 0„. 


""-S""™- 


Spec. emv. 


Rue, . 


Yellowisli. 




.8.5— ,90 


Sag^, . . . 


Green-yellow or yeUowish. 




,88— ,oa 


S^dixas, . . 


YeUowlsh to red-yellow. 




1.U6-J.08 


Sartie, . . 


Colorless or yellowisb. 




.89— .93 


Spaarmint, . 


Tellowlsh, becoming dark, 
red-brown. 




.91— .98 




Palo yellow or green yellow. 
Colorless. 




,90— .95 






.87— .89 


Valerian, . 


Yellow-ereen, red-brown. 




.87- .89 


Tellowirown, greeu-brown. 




.90— .96 


Wlntergreen . 


Reddish. 


ColorlesFi. 


1.14-1.17 


Wonoseed (Snn- 








tonfoa), . 


Brownish-yellow. 




.91— .06 


Wormwood, 








Tari-ow, . 
Ylttng-Tlang, . 


DartbluB. 




.87-. 93 






.98 



106. Solubility of Volatile Oils in Alcohol of sp. sr, 
0.822 (90 per cent.) 

Take, in a, test-tube, from a minim measure, 5 or 10 minima 
of tlie oil, and then as many minims of the alcohol as required, 
with agitation, to dissolve. The oils which form solutions more 
or lo^ turbid aro given with figures in heavy type. It will te 
borao in mind that oils aro lesa soluble when old than when 
fresh. Also, that mixtures of oils usually have solubilities mid- 
way between those of the individual oils therein. 



Alcohol requ 


red. 


at 


17° 10 


20= C., fo 


Ambei-, 


. . B>;vols. 


Cinnamon, 


AJliEfl, 






f 






Balm, . 






; 




Cloves, 


Bergamot, , 










Copaiba, 


Bitter Almond, 










Cubeb, 


Cajeput, 






1] 




Cummin, 


Calamus, . 










Fejmel, 


Caraway, . 




M 


ol ■' 


Juniiter her 


Cardamom, 




.¥ 












b 




Lemon, 



o,- 1 vol 


of oil of 


(Cassia), 





26 ' 

Ito3' 
10 ' 
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1-OI.ATlLJC OJf.S. 



Marjoram, . 
Orange flowers, . 
Orange peel, 
Parsley, 
Peppormliit, 
Rosemary, . 



60 to 70" 



107. Eeaction of Volatile Oils with Iodine and Bro- 
mine. (1) When aljout 0.1 gram of dry pulverized iodine is 
placed at ordinary temperature in a wateh-glass and 4 or 5 drops 
of the oi! are dropped upon it ; 

(a) Giving instantaneous reaction, with mveh heat and 
strong effcroeacence ; Oils of 



Bergamot, 


Lemon, 


Savlne, 


Eucalyptus, 


Miiee, 


Turpentine, 


Hops, 


Orange flowers. 


Wormwood (old). 


LuTender, 


Orange peel. 




(b) Generatini/ 


slight heat, with 


(/entle efen^escetic 


Oils of 






Anise, 


BiD, 


Rosemary, 


Balm, 




Sage. 


Caraway, 


Juniper, 


Saesafras, 




Marjoram, 


Thyme. 


Cubeb, 






(c.) Giving no reaction, or vefy slight 


■ Oils of 


Amber, 


Cinnamon (Cassia), 


Rue, 


Bitter Almond, 




Saseatrae, 


Cttjoput, 


Musta^, 


Tliyme, 


Calamus, 


Pai-sley, 


Valerian, 


CascarillQ, 


Peppermint, 


Woiinwood Ifresh) 


Cimiamou (Ceylon), 


Roses, 





(2) Upon 5 or 6 drops of the oil, on 
of bromine is let fall (Maisch). 

(a) Giving detonation with Oih of 

Amber, 

Bergamot, 



Juniper bi 



Juniper wood. 

Lemon, 

Turpentine. 
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liO i;ejjtral substances, liqi-id ok fi-.^wls:. 

{b) Giving a hissing sound willi Oih of 

Anise, Sassafras, 

Caraway, Wormeeed. 

(3) To 5 or 6 drops of the oil, on a watch-glass, add 5 drops 
of ether solution of bromine (1 vol. bromine to 5 vols, officinal 
ether, added slowly, while cooling, just before use).* 

(a) Yapors evolved with Oils of 

Copaiba (green color ; afterwMd brownfsh-green with brown sediment). 

Cubeb (violet color, deepening ; afterward dark greenish-tiliie, wiiii violet- 
black sediment). 

Orange peel (yellow color Eoon appears ; afterward pale brown and 
transparent). 

Patchouli (deep violet color, deepening ; sediment dark brown). 

Sa^alras (at first olondy ; afterward pale brownisli-yollow). 

Spearmint, old, yellowisli-red (color chaises to yellowish-bi-own ; sediment 
lighter). 

Wintergreen (formation of a resinous white substance, spreading over the 
glass). 

(b) Vapors not evolved with Oils of 
Anise (white color ; with, more bromine, ysllowish-red). 
Bergamot (color greenish-brown yellow, then reddish-brown yellow). 
Bitter Almond (dissolves without reaction ; after evaporation of the ether, 

two liquids separate — ono deep, the other light red). 
Cajepot (aupemfttant liquid scarcely colored ; appearance o£ green 

droplets). 
Calamus (colors red-brown, brown.gi-een ; finally a dark sediment). 
Caraway (little reaction ; sediment yellowiah-brown). 
Cinnamon (color lemon-yellow, turning to amber-brown). 
Cloves (color greenish ; lower stratuin alters to pale grayish-black). 
Hedeoma (color changed to purplish and darkened ; liquids not raisoible). 
Lavendei- (light greenish, darkening to deep sea-green). 
Lemon, old [brisk reaction ; colors reddish-yellow and greenish). 
Mustard (misoibla, colorless ; afterward milk-white). 

* Mfl-rscn ; Proc. Am. Phai: A., 1659, ass. 
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VOLATIr.E OILS. Ill 

Kntmeg (at first colorless ; the lower atratara then bi-ownish and milky to 

Peppermiot (colors — yellowisli, then reddish, then lirowii — thickening). 

Rosemary (colorless ; aiterward lower stratum, is light-brown). 

Rue (at first cloudy, then pale brownish yellow). 

Valerian (at first purplish-blade ; then upper stratum deep violet, lower 

greenish-blaek, marginal blue ami red spots). 
Wormaeed {reaction is slow ; heavier liquid red to brown ; lighten liquid 

light brown ajid almost clear). 
Wormwood (darkens a little without movement). 

108. Beaetion of Volatile Oils with Sulphuric Aoid 
and Alcohol (Hageb's Method). In a test-tube of about 1.3 
centim. (0.5 iiiuh) diameter, 5 oi" 6 drops of the oil ai'e agitated 
with 35 to SO drops of coiiceutrated sulphuric acid, alter which 
it is noted how much heat, and how much turbidity, if any, have 
been produced. When the liquid, if heated, has cooled again^ 
8 or 10 CO. of 90 per cent, alcohol are added, with brislt shaliing 
while the test-tube is closed by the finger. Now the production 
of c»lor and of turbidity are noted. In case of turbidity, ■after 
standing, a subsident layer usually appears, having a character- 
istic color, and being soluble in cold or in hot alcohol or in 
chloroform. 

(«) The mixture of oil with acid and alcohol, is char and 
iratisparetit, or but very sUghtly turbid, in case of Oils of 

Amber (with sulphuric acid, not heatsd, dark yellow and turbid ; after add- 
ing alcohol, yellow, slightly turbid, made clear by boiling). 

anise (with the acid, in part daric rod and thick, and in part dear and lim- 
pid ; with the alcohol the thick part remains dark and undissolved, 
while the liquid part is clear and nearly colorless). 

Bitter Almond (with the acid, a brown color and much heat without turbi- 
dity ; with the alcohol, a clear and nearly colorless mixture). 

Cloves (witli the alcohol, the mixture is nearly or quite clear). 

Dill (with acid, generation of heat mid vapors, with dai-k yeUow-red color 
and some turbidity ; with alcohol, a pale cinnamon-brown luix- 
ture, nearly or quite clear— fully clear on boiling). 
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Fennel (witli acid, beat and vftporB, the mixture dark red and pretty clear ; 

with alcohol, yellowish, clear solution). 
Mustard (witli acid, vei-y little heat, yellowish fjut, clear ; witli alcohol, 

colorless and dear). 
Hitrobenzole or ' ' ai'tificial oil of bitter almonds " (without turbidity). 
Peppermint^ best (with the acid, slight heat and yellow-rod color ; with the 

alcohol, light red, slightly turbid mlxtnre, made dear by boiling). 
Peppermint, Amerieau ^with the acid, heat and darlc brown-red color ; 

witli the alcohol, brownish and turbid, made deal- by boiling). 
Roses (witli acid, heat, thick vapors, and dark: brown-red color ; with alco- 
hol, brown, clear, and transparent). 
Valerian (with the acid, beat and slight vaporization, darlt red color, alight 

turbidity ; with the alcohol, red, turbid, but rendered clear by 

boaiDs). 

(S) The mixture of oil with acid and alcoliol is left more or 
less turbid, in case of Oils of 

Balm (with acid, heat, vapors, brown-red color, and turbidity ; with alco- 
hoi, cinnamon-brown, somewhat turbid ; aftei' boiling becomes 
clear with separation of dark drops). 

Bei'gauiot (with acid, heat BftA vapors ; the alcohol solution pale grayiah- 
yoUow turbid, withflocculent separate after shaking ; after one or 
two days, the residue is but slight aud divisible on shakily, the 
liquid bfing clear yellow). 

Cajeput (with acid, heat and vapors, light yellow color and turbidity ; with 
alcohol, pale rose-gray turbidity, made clearer by boiling). 

Cai'away (with acid, heat and vapors, dark yellow to red-brown color, tur- 
bidity ; with tlie alcohol, a red and turbid misture, made nettrly 
clear by boiling). 

Cascarilla (with acid, heat and vapors, dark brown-red coloi-, turbidity ; 
with alcohol, the same ; an hour after boiling, dark brown-violet 
to bluish -red). 

Cinnamon (Cassia) (with acid, a strong heat and vaporization, dark black- 
brown, very thick mixture ; after the aJcohol, the dark viscid 
mass remains mostly insoluble, with a milky olive-green liquid 
above). 
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Copaiba (with the acid, heat and vapoi's, tlio coior dai"k yellow-red, with 

turbidity ; with alcohol, red and turbid, not made clear by 

boiling). 
Coriander (with sulphui-io add, heat and vapors, dark red ooloi-, Bcareoly 

tui'bid ; with alcohol, dark brown, with groen shade, and turbid). 
Eucalyptus (with sulphurio acid, heat and Tapers, light reddish-yellow 

color, with turbidity ; with alcohol, very turbid, with whitish- 

paach-blow or pale rose-gray coloi"). 
Geranium (with acid, much heat and thick vapors, tui'bid, dark yellow-red ; 

with alcohol, turbid and dark brown ; after boiling, turbid and 

red-brown). 
Juniper berries (with acid, heat and vapors, turbid, dnrk-yellow-red ; after 

the alcohol, very turbid, sometimes flooculent, of blackish-rose 

color ; after boiUng, turbid ; afte^ a few hours, a, light-colored 



Juniper wood (with acid, heat and vapors, turbid, orange-red ; with alcohol, 

pale yellowish, turbid before and after boiling). 
Larender (with acid, heat and vapors, turbid and brown-red ; with aleohol, 

turbid, dark brown with green tint). 
Lemon (lite Bergamot oil ; after one or two days, the slight residue forms 

opaque yellow drops not divisible by shaking). 
Mace (with acid, heat and vapors, turbid, dark red ; with alcohol, ti^rbid 

and dark i-eddish-bi'own, not made dear by boiling), 
Marjoraoi (with acid, heat without vapors, turbid and yellow-red ; with 

alcohol, very turbid, peach-blow and almost milky ; turbid after 

boiling), 
Ortoige flon^ers (with acid, heat and vapors ; after alcohol, turbid and bi-own, 

approachii^ red ; after boiling, a little darker and less turbid). 
Orange peel (with add, a strong beat, turbidity and red-bvown color ; with 

alcohol, wlutish-yeUow ; turhid before and after boiling). 
Parsley (with acid, a moderate heat and a little vapor, very dai'kred ; with 

alcohol, very turbid, red, with swimming flocks). 
Rosemary (with add, strong heat but no vapors, yellow-red and turbid ; 

with alcohol, milky turbid ; turbid after boiliug) . 
Eue (with add, heat and vapors, dark red, tui'bid ; with alcohol, raspberry- 
red, turbid ; clear after boiling). 
Sage (like Oil of Hue). 
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Savine (with acid, strong heat without vapors, moderately tu, -bid, dark red; 
with alcohol, turbid, reddieh-elay-colored ; after boiling, lees tur- 
bid, pale red). 

Tansy {wilh aoid, heat and vapors, dark red, turbid wiih alculiol, yallow- 
red, less turbid ; after boiling, clear). 

Thyme (with acid, heat and vapors, red, turbid after alcohol ; after boiling, 
clear, with swimming oibdrops). 

Turpentine (deviaticg greatly from differences of production and of age). 

"Wormsoed (Sanfconlca) (with acid, moderate heat and vapors, dart red, tur- 
bid ; with alcohol, dunamoji-brown, turbid ; becoming clear ou 

■Wormwood (with acid, beat and vapors, rod-brown, turbid ; With alcohol, 
dai'k, green-violet, opaqae, turbid ; beeomlng clear with more 
alcohol). 

Tlang-Ylang (with acid, heat and vapors, turbid and dark red ; with alco- 
hol, pale brick-red and veiy turbid, less turbid after boiling). 

109. Eeaction of Volatile Oils on. Sulphide-of-Lead- 
Paper (U. Williams). Blotting-paper is wetted in a dilute 
alcoholic solution of aoetate of lead and dried in an atmosphere 
of hydrosulplmrie acid. A few drops of the oil are let fall on 
o strip of this paper, which is placed in a (dry) dark place for 
5 or 10 or 15 hours, when the degree of bleaching is noted. 

The paper is bleached by Oils of Lavender, Peppermint, 
Rosemary, Turpentiae. The paper is not ileached by Oils of 
Anise, Bergamot, Cajeput, Cinnamon, Juniper beiTics, Lemon, 
Orange peel, Sage, Thyme. 

110. BeaoUon of Volatile Oils with Sodium (Uraobn- 
DOEFP). The Hydrjcarbona are not affected; the Oxidized oils 
are moi-e or less readily decomposed. Ten drops of the oil are 
treated witli a small piece of the metal. The result is discovered 
after 5 or 10 minutes. (Alcohol causes a prompt reaction, with 
evolution of hydrogen.) Little or no change occurs with Oils 
of Amber, Bergamot, Copaiba, Lavender, Lemon, Nutmeg, 
Pepper, Peppermint, Rosemary, Sage, Turpentine. Oil of Mus- 
tard evolves hydrogen. 
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111. Ideutlflcatiou of Hesiuified or Old Oils, or of 

Eesins or ii'ixed Oils in mixture with volatile oils. Evaporate 
1 gram of the oil, on a tared wat«h-glass, at 70° to 90° C. (or 
over the water-l>ath). Fresh and raichaBged oils, free from mix- 
ture, leave only a scarcely perceptible and not weighablo 

This residue, fully fre«d from volatile oil, may lie tested for 
Castor Oil, by treatment for cenanthyc acid, as described under 
Rioinoleie Acfd (4C). 

112. IdentiflcEition of Turpentine Oil. The sparing 
soluliility of this oil in aijueous alcohol affects its mixtures with 
other oils, but doe? not enable it to be separated. The alcohol 
should lie 75 to 90 per cent. — Hbppe's test is with nitroferri- 
oyanide of copper — prepared by precipitating solution of sulphate 
of copper with solution of nitroferricyanide of sodium, and 
washing and drying tlie precipitate. In a test-tube place a bit 
of this reagent as large as a pea, then about 25 drops of the oil, 
and heat, so as finally to boil for a few seconds, and set aside to 
suliside. Turpentine oil (also lemon oil) does not suffer change, 
or more than slight change — ^while the sediment of nitroferriey- 
anide is green or blue-green. Other volatile oils are darkened 
to diiferent colors ; while tlie sediment of copper salt is gray, 
brown, or bla«k. 

113. Identifleation of Valerian Oil. One drop ©f the oil 
is dissolved in 15 drops of bisulphide of carbon, then shaken 
with sulphurio acid, and afterward one drop of nitrie a«id, of 
spec. grav. 1.2, is added. A fine blue color results when even 
slight portions of the oil are present (Fluokigeb) . 

114. Identification of Oil of Peppermint. 50 to 70 
drops of the oil, with 1 drop of nitrie acid, of spec. grav. 1.30, 
tui-ns faintly brownish, and after an hour or two becomes fluores- 
cent — blue-violet or green-blue by transmitted and copper-color 
by reflected light (Fluckiger). — Chloral hydrate, on contact 
with oil of peppermint, colors it reddish. The tint deepens to 
chen-y-rod, is intensified by sulphuric acid, and varied to dark 
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violet by chloroform. (No color is obtained with oils of lemon, 
bergamot, juniper, rosemary, cloyes, anise, or fennel) 

For qualitative separation of Benzole from volatile oils, see 
119; of Nitrobenzolc from Bitter Almond Oil, see 120. 

115. CAMPHOE. Ci„H„0. Laural Camphor. — A slightly 
unctuous, pellucid solid, friable with cleavage, of specific gravity 
0.985 to 0.996 ; melting at 143° C. (288° T.), slowly vaporizable 
at ordinary temperatures, condensing in hexagonal plates, boiling 
at 204° C. (400° F.) It is sokible in 1,000 parts of water applied 
by Srdinary contact," or in 150 to 200 parts of water by tritura- 
tion with an insoluble powder ; freely soluble in alcohol, ether, 
chloroform, benzole, petroleum naphtha, methylio alcohol, amylio 
alcohol, creosote, acetic acid, mineral acids, bisulphide of carbon, 
fixed and volatile oils, and forms a liquid mixture with solid 
chloral hydrate. — Minute particles of camphor, dropped upon 
water, rotate, with velocity in proportion to their smalfness. 
If an oiled pin-point is then touched to the water, the rotations 
are stopped, and the camphor particles carried out by the 
enlarging circular oil-film. 

By prolonged boiliag with concentrated nitric acid or per- 
manganate of potassium, camphor is changed uito Camphoric 
Acid. The latter is sparingly soluble in water, from which it 
crystallizes in colorless scales or needles, of sour and liittor 
tast«, melting at 70° C, and forming insoluble salts ^\ilh load 
and many other metals. — By heating in a closed vessel with 
bromine, Bromated Camphor is fonnod, as a cryetallizable solid, 
not soluble in wat«r. 

116. CREOSOTE. CMofiy Creosol, C,H„Oj, and Guaiaco], 
C,H,0,. An oily limpid liquid, of spec. grav. 1.060 to 1,085, 
colorless or yellowish (growing brownish in the light), boiling at 
200° to 206° C. (393° to 403° F.), having a neutral- reaction, a 
strong and persistent smoky odor, and a very caustic and smoky 
tasttS; II; is soluble in 60 to 90 parts of water, in all proportions 
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of aluohol, other, chloroform, benzole, petroleum naphtha, fixed 
and voliitile oils, anliydrous glycerin, acetic acid, sulphuric acid 
(with combination and brown color), aiid in an equal part of 
bisulphide of carbon. It is soluble in aqueous alkalies — forming 
instable salts. It dissolves (and' in commerce usually contains) 
about 3 per cent, of water, from which it is separated by mi.xture 
with a largo quantity of benzole. 

Creosote resembles PJienic Add, in most of its physical 
properties, and in its reactions with nitric acid, ferric salts, bro- 
mine, gelatiu, and albumen. It is (Uatinguished from, Phenie 
acid by not crystallizing when pure; by gelatinizi'ngj^'collodion ; 
by not giving a blue color with ferric salts in a slightly alcoholic 
and sufficiently dilute solution of fenic chloride, as specified 
under Phenio acid, 35, g (Fluckiger's test) ; by not foi-ming a 
clear mixture with a double volume of 18 to 20 per cent, ammo- 
nia, or with 5 volumes of ordinaiy (slightly aqueous) glycerin, 
or with a greater volume of bisulphide of carbon; and by 
more sparing solubility in water. 

117. AWTHEACENE. C„H„. A colorless solid, crys- 
tallizing in the monoclinic system, often in four or six-sided 
tablets, having spec. grav. 1.147, melting at about 212° C, sub- 
liming slowly from the solid, and distilling rapidly at 300° C 
When pure, the crystals show blue or violet fluorescence. It is 
tasteless and odorless, but its vapor at the distilling point is dis- 
agreeable and irritating, — It is insoluble in water, sparingly 
soluble in cold, moderately soluble iii hot alcohol, soluble ia 
ether, benzole, and oil of turpentine. — It is not affected by 
alkalies ; is acted on by nitric acid, and dissolved with green 
color by sulphuric .icid. With pioric acid, in saturated alcoholic 
solution, it forms a salt crystallizing in red needlesi 

1 18. AXiIZABIN. C^HjO,. A yellow to red-yellow solid ; 
by sublimation (at 215° C.) crystallizing anhydrous in red 
prisms, and from solutions crystallizing in golden scales of the 
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—Slightly solubh ia water ; soluble in alcohol and ether 
(with yellow color) and in concentrated sulphuric acid (with 
"brown color) ; soluble in aqueous alkalies and alkaline carbonates 
(with purple color) ; these solutions being precipitated (orange) 
by adds, in good part even by carbonic a«id gas. The ammo- 
niacal solution, with salts of magnesium, iron, copper, and silver, 
forma purple and iridescent precipitates ; the potassa solution is 
decolorized by lime-water, and the alcohol solution is decolorized 
by 'alumina with formation of a red precipitate. 

119. BEI7ZOLE. C,H,H with traces of its homologues. 
(Joul-tar naphtha. Benzene. — A colorless limpid liquid, of about 
0.85 spec, grav., crystallizing at 0° C, melting at 5.5° C, boiling at 
80° or 81= C. (176° or 178° F.), and of a characteristic pleasant 
odor, reminding of rose and of cliloroform. It bums with a bright, 
smoky flame. It is not perceptibly soluble in water (to which, 
however, it imparts odci) 1 ut is soluble m all piopoitions of 
alcohol, cthei chloiofotm petroleum naphthi etc It dissolves 
sulphur, phoBphorus iodine hxed and volitile oils camphors 
many resms (see 99 f) many alkaloids (not cmchoma) (133) 

It is distinffuishe J from Petroleum Naphtha bj its geneially 
greater solvent power (bj dissohing hard p tch) and moie 
aecuratelj bj ita farmation of mtrohenzoU ind pi duets of the 
latter, as follovis Equal volumes of nitne acid of <=pee gia\ 
of 1,5 or of concentrated nitric acid ccntainiug nitrous icil and 
of the liquid teste 1 tor benzole are digested in a test tube by 
immoi-sion id hot witei The mtrobenzole r s s m droplets and 
is recognized bi its odor cf bitter almond oil and bj its gning 
anilin with reducing ^ente as st^ted it 120 

Or, foi moie delicate test — as in piesence of \ olatile Oils 
A few drops of the liquid to be tested are mixed m a cooled 
tube with four times their volume of fuming nitric acid the 
mixture is agitated and leit a quarter of tn houi then mixed 
with ten t mij'' tsbi]k<f atei ( ihich separates dioi^> of nitro 
benzoic). V, tite 1 th rth i which tile up th" i iti be zole, 
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ilecaiit t]ie ether solution, filter, quickly distil the ether froni the 
filtrate. To the residue add 1 or 2 c.c. of acetic acid and a 
partiide of iron (filings), and diatil over a very small dame. Aa 
soon as tlie liquid is nearly evaporated, add 2 or 3 c.e. of water 
and distil again. Mix the distillates (if acid, neutralize with 
slaked lime and fdter), and test with chlorinated lime for anilin 
(violet color) (135, a). 

IIQJ. PETBOLEUH NAPHTHA. Gasolene. '-Ben- 
zene." — The rectified distillate of petroleum, having a boiling 
point of alx)ut 49° C. (120" F.) — specific gravity about 0.C65. 
Consists chiefly of CjHj,H, with a little C^H^H and other 
homologues. — Characterized by an agreeable odor and antesthetic 
effect ; by a wide range of solubilities ; and by resisting the 
actloo of alkalies and most acids, while decomposed by heating 
with nitric aeid. — D-lsUnguished from Senzole by a lower 
specific gravity (even when both are of the same boiling point), 
and, more accurately, by not forming nitrobeiizole (119)- 

120. HITBOBElfZOLE. C.H^ITOj. "Essence of Mlr- 
bane." "Artificial oil of Tjltter almonds." Nitrobenzouc. — A 
yellowish, oily liquid, of spec. grav. 1.21, crystallizing below 
3° C, and boiling at 220° C. (428° F.) It has the odor of bitter 
almond oil, with eqnal persistence ; a very sweet taste, and a 
highly poisonous effect taken by inhalation or through the 
moath. — It is insoluble in water, freely soluble in alcohol, ether, 
chloroform, fixed and volatile oils. — It is identified by its odor — 
coinciding with its reaction for anilin. When a few drops are 
digested in a test-tube with zinc, acetic acid, and iron or magne- 
sium wire, and the mixture extracted with ether, the residue of 
the latter gives reactions for anilin. See Benzoic (119) and 
Anilin (121). Or a few drops are digested and shaken with zinc 
and dilute sulphuric acid, the mixture filtered through a wet 
filter, and the filtrate tested (with chlorate of potassium) for 
luiiliii. Botli the above methods arc applicable in presence of 
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Bitter Almond oil ; also the following : Two or thi-ee cubic cen- 
timetres of the oil to be tested for nitrobenzole are agitated witli 
about half its weight of fused potassa. If niti-obenzolo is 
present, a reddish-yellow color appears, quickly turning to green, 
and if water is added there is separation of an upper layer of 
gi-een, tuniing red the following day. Finely-divided zinc or 
ii-on, alone, digested at 100° C. for a day or two, reduces nitro- 
bonzolo to anilin. — Nitrobenzole is distmguisTied from bitter 
almond oil and otlter Volatile Oils by its specific gravity. 



BASKS: LIQUID AND SOLID. 

121. AKILIN. (C^JH^N. Monophenyiamin.— Pure 
anilirt is a colorless, limpid, oily liquid, of spec. grav. 1.028, 
vaporizing slightly at ordinary temperatures, boUing at 182° C, 
It is neutral to litmus, of bitter, burning taste, and vinous, aro- 
matic odor. It is slightly soluble in water — tho solution having 
a faint alkaline reaction ; also it dissolves a little water. It is 
soluble in all proportions of alcohol, ether, chloroform, and most 
fixed and Tolatile oils, and in about equal volumes of bisulphide 
of cai-bon or benzole, but not perfectly in greater volumes of 
either. It is sparingly soluble in glycerin. 

12^. The Anilin Oil of Comuerce contains more or less 
Toluidin, with traces of benzole, phenie aeid, nitrobenzole, acetic 
acid, acetone, etc. " Kuphanilin " contains about 00 per cent, of 
phenylamin, and has a boiling point of 180° to 190° C. " Bara- 
nilin " is mostly toluidin, with a little cumidin and eymidin, 
boiling at 195° to 215° C* 

♦ (M:oiio)pheiiylamin, (Cs Hi) H: N. 

ToluMiji, (C7H7)HjN. 

Xylilin, (Cs H,) Hs K 

Cumidin, . |Cj Hi) H: N. 
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123. Phenylamin with acids forms salts, cl-ystallizable, 
soluble in water and in alcohol, many of them soluble in ether. 
The oxalate is sparingly soluble in cold absolute alcohol, insoluble 
in ether; the hydrochlorato is soluble in ether, not in cold chlo- 
roform. Aniiin salts are readily decomposed by fixed alkali, 
■when the aniiin may be separated by ether. In the cold, anilil is 
displaced by ammonia ; with heat, ammonia is displaced by aniiin. 

124. ToLUiDiN has, with most solvents, nearly the, same 
solubility as phenylamin. It forms few salts ; the oxalate is 
sparingly soluble in water. 

125. Aniiin is identijled, through formation of Aniiin Red 
(rosanilin, fuchsiu, or naageuta), by chlorinated lime or chlo- 
I'aated soda (a), by ferric chloride {&), by blnoxide of manga- 
nese and sulphuric acid (c) ; and by its reaction with chlorate of 
potassium and hydrochloric or sulphuric acid (tZ), and ivith 
mercuric chloride (e). It is distinffitished from Alkaloids 
(including Conia and Nicotia) by giving no precipitates witli 
potassio merciuic iodide solution, or with iodine in ipdido of 
potassium solution, or picric acid in presence of sulphuric. It 
coincides with Alkaloids in giving precipitates with phosphomo- 
lybdate {f). and with tannic acid (g). — It is characterized by a 
moderate reducing power {k). Aniiin is examined as regards 
its proportion of Toluidin, as explained in a. It is separated 
from benzole, nitrobenzole, and other associated impurities by 
fractional distillation. 

Aniiin Med is a term for various salts and compounds of 
Rosanilin (CjjH^Wg ■ H,0) . This is a tri atomic base which is 
colorless when pure — in the air becoming rose-red, or if formed 
in part from toluidin becoming brown, also dissolving freely in 
alcohol with a red color. It is nearly insoluble in water and 
insoluble in ether. It forms mono-acid salts having an intense 
ci'imson color (in solution), and tri-acid salts of yellowish-brown 
color. — As fonned from commercial aniiin, by oxidizing agents, 
rosanilin has a rich violet-purple color, changed to red by acids, 
and restored to viulet-purplp by alkalies. In proportion as 
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formed from toluidiii, the color becomes brown. Eclier extracts 
the brown, leaving a blue. 

a. A water solution of anilin or its salts, with s, little solution 
of chlorinated lime or chlorinated soda gives a purple-red color, 
changing to brown-red by exposure to the air, or to rose-red by- 
addition of acids. The color passes into a brown ; if the mixture 
be shaken with ether, the latter rises to the surface as a brown 
layer, Jeaving a blue liquid below. 

h. To a small portion (10 e.c.) of a very dilute solution of 
aailin, strongly acidulated with hydrochloricacid, add of aconcen- 
trated solution of ferrio chloride two or three drops, or enough 
to give a yellowish tint, and heat gradually to boiling. The 
color becomes darker to opaque vioIet-brown. When a precipitate 
separates, filter and wash with water ; then treat the precipitate 
with 60 per cent, alcohol, when the violet color is dissolved. The 
aqueous filtrate, shaken with chloroform, forms two light red layers. 

c. A diluted solution of anilin, acidulated with sulphuric acid, 
on agitating with hiiioxide of mai^anese, quickly gives a blue to 
purple-red color, more intense after warming to 50° or 60° C. 

(I. Chlorate of potassinni with hydrochloric or sulphuric acid, 
when strong, forms a red resinous substance; when dilute, a 
violet color. 

e. Uercuric chloride, in the solid state, gently heated with 
anilin, converts it into a dark-purple mass which gives a red 
solution in alcohol. 

/. Fhosphomolyhdate of sodium with solutions of anilin aci- 
dulated with sulphuric or oxalic acid, gives a blue precipitate 
becoming yellow (with Nicotia, the precipitate is yellowish at 
first). Addition of ammonia of 18 or 30 per cent, dissolves the 
anilin precipitate with deep blue color (the Conia precipitate is 
left blue but undissolved by ammonia). 

g. Tannic acid, with solutions of anilin not very dilute and 
not containing free acid or free ammonia, a white precipitate of 
tanuate of anilin. 

h. Auiliu reduces permanganate solution, but not potassio 
cupric aulphiite. 
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126. ALKALOIDS. — Volatile and Non-volatile. — IVte 
volatile alkiiioids arc composed of C, H, and "S, without O ; and, 
in their consistence, vaporization, and other physical properties, 
reseratle the volatile oils, but differ from them ty approaching 
the character of ammonia. They are expelled from their salts 
by fixed alkalies and heat. The most important are the five 
following, (For Solubilities, see 133; Separations, 134; Com- 
parative reactions, 131 and 135 to 143.) 

Akius (121). 

127. CoNiA.* CjHijW. A colorless liquid, of spec, gi-av. 
0.89, wasting slightly at ordinary temperatures, distilling almost 
wholly with steam at 100= C, boiling at 160' to 180° C. It has 
4 mouse-like odor, sharp tastfe, and strong alkaline reaction. It 
resinifies, yellowish, in the air. Its administration causes enlai^- 
ment of tJic pupil. It is a strong base ; its salts being soluble 
in water and alcohol, not in ether. It coagulates albumen. 

128. LoBELiNA. An oily, volatile liquid, of alkaline reac- 
tion. Its administration dilates the pupils. 

129. NicoTiA. C(,H:,If. A transparent, oily liquid, of spec, 
grav. 1.048, distilling with steam at 100° C, or slowly alone at 
146° C, boiling at 343° C. It has an ethereal, tobacco-like odor 
(when pure), and (in dilute solution !) an acrid taste. In reaction 
it is strongly alkaline. It resinifies in the sli'' 

130. Trimbthvlamia. O^HjH". PTOpylamin. Sccalin. — A 
colorless liquid below 5° C, its vaporizing point. (Soluble in 
water and alcohol.) It has an odor of herring and of ammonia, 
a sharp, bitter taste, and an alkaline reaction. Its salts are crys- 
tallizable, and soluble in water and (mostly) in alcohol. Its 
hydroclilorate is soluble in absolute alcohol (separation from 
Ammonia). Its water solution precipitates aluminum salts and 
then dissolves the precipitate (distinction from Ammonia), Its 
solution in equal weight of water is combustible. 

* The termination a is given iii this work to all tiio alkaloid;;, but the 
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132. Kon-volatile Alkaloids and accompanying Glucosidos. 
(For Solubilltios, 133; Separations, 134; Eoaetions common to 
alkaloids, 135, 142, 143.) (For Determinations of Quantity. 
135«, 143, 143.) 

AcoNiTA, CjjH^jIfO,. — Glacial mass or white powder. Crys- 
tallizes with difficulty.— 136 (135, e, /). 
Atropia. 1 Cj,HjjlTO,- — Prisms; stellated tufts ; white powder; 
Datubia. \ fusible at 90° C.~136, 135. 
BEttBEBiNA. Cj,H„M"Oj(HjO)5- — Light-yellow silky needles, or 

grouped prisms. — 136, 138. 
Bkucia, CjjHjjlfjO,. — Colorless ; delicate needles ; four-sided 

prisms.— 136, 137, 138, 140, 139. 
Capfeina. C,HjH"jO- — White, silky needles ; fusible at 178° C. ; 

suhlimiiig at 185° C— 136, 140 (135, a, e, g). 
CiNCHONiA, CjpHjjWjO. — Four-sided prisms or needles ; fusible 

at 165° C— 136. 
CiKCHOHiDiA. C^^HjjWjO. — Hard rhombic prisms, with striated 

faces. Melts at 175° C. 
(^oDEiffA, CijHj,HOj. — RcetAngular octahedrc:i.s ; or (in presence 

of water) tri metric .—136, 138, 1S9. 
CoLCHiciA, Cj^HjjUO,. — Colorless prisms or needles; yeUo-A»- 

ish-white powder ; glacial. — 135, 136, 138, 140. 
Dapckin. CjjHjgO,,- — Rectangular prisms. Odorous above 

100° C; above 200" C, Daphnctin.— 138, Ul. 
Delphisa. — Amorphous ; powder white with yellow tint. Melts 

to resinous mass. — 136 (135, e). 
lliorFALiM. C,„H,sO,.— Difficult to crystallize. A Glueoside.— 

136 (135fl) (142). 
I^METiA, CjjH„lTjO^. — Yellow-whito powder. Melts at 50° 

C— 136, 138 (135, e). 
Ergotina. CjjHjjKjOj, — Red-brown powdor.— 136, 
IIvDRASTiA. — Colorless, shining, four-sided prisms. Above 100° 

C, melts.— 136, 137, 140. 
Hyosotamia. C^^Hj.WO,. — Stellate groups of silky needles; 

amoi-phous aiid pasty. Fusible, — 136. 
loAfiUBiA. — Colorless, lustrous prisms. Fiisible. — 130, 138, 140. 
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Morphia. Cj,H„M'0,(HjO). — Short, triinapareiit, tninctric 

piisms. Anhydrous at 120°.— 136, 13S, 141. 
Nakceiha, CjjHjjH'O,. — Colorless, delicate needles. I'licible. — 

ISO, 137, 138, 139. 
Nakcoiina. CjjHjjlfO,. — Colorless, rhombio prisms. Fusible. 

—130, 138, 139. 
Opiania. C„H„M",0„.— Eight rhombic prisms.— 138, 139. 
Papavbrina, OjjHjiM'O^- — Colorless, aeicular crystals, — 136, 

138. 
Paytina. C,,H,,M'p.— Colorless crystals. 
Physostigmia. C,jHj,H"jOj. — Amorphous, brownish-yellow ; 

solutions, red to blue. — 136, 140. 
PiCROTOxiN. 0„H„Oj. — Needles ; stellate ; lamiiice. Reduces 

ciiprio hydrate. — 137, 
PiPKBiN. C„H,,IirOj. — Colorless, monoelinie prisms. Melts at 

100° C.~-130, 138. 
PsBUDOMORPHiA, CjjHjjH'Oj. — Fine, lustrous crystals. — 136, 

138, 141. 
QuiN'iA. C,„H,,H",Oj. — Hydrate, in fmo needles. Solutions, 

blue-fluorescent, — 136, 140. 
QuiNiDiA. CjjHj.IfjOj. — Transparent, monoelinie prisms, efflo- 
rescent.— 186, 140. 
Rh(eadia. Cj^HjiNO,.— Small, white prisms. Melts at 232" C. 

—Purple-red with acids. 
Sabadillia. CjoHjjH'jO,. — Cubic crystals (Needles?). Reacts 

with sulph. acid like Voratria (136) 1S5, e. 
Salioin. C^jHjjO,. — Tabular or scaly crystals, — Melts at 

120° C. A Glucosidc— 136. 
Saponin. Oj,H,^0,j. — Amorphous. Ai-oraatic odor, sweet taste, 

burning after-taste. A Glueoside. 
Solania. O.jHjjH'Ojj. — Silky needles ; right, four-sided prisma. 

A Glueoside.— 136, 138. 
Strychnia. CjjH,,lf,0,. — Four-sided prisms, trimetric, white, 

Fusib!e.-^136, 137. 
Thedaisa. CjjH^SrOj.— Thin, square tablets of silvery lustre. 

Fusible— 130, 138. 
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TiiEUBKOMiSA. CjHjKjO,. — Microscopic, triraetrio crystals, in 

club-shaped groups. — 136, 140- 
Verairia. CjjHjjIfjOj. — White or greenish- white crystallized 
powder. Warmed -with HCl, violet. — 136. 

133. Solubilities of the Alkaloids. — In akokoTthey are 
generally freely soluble, the following being the only impoitaut 
exceptions and notices to be made : 
Caffeina — in 30 parts~ strong alcohol. 
Morphia — in 30 parts boiling or 50 partg cold absolute; in a 

somewhat smaHer quantity of 90 p. c. alcohol. 
Narceina — easily in hot, in 950 parts oold 85 p. e. alcohol, 
Narcotina — in 25 parts boiling or 100 parts cold 85 p. c, alcohol. 
Opiania — slightly in hot, scai-cely at all in cold alcohol. 
Pseudomorphia — nearly insoluble. 
Solania — in 150 parts hot or 500 parts cold alcohol. 
Strychnia — difficultly soluble in absolute, soluble in 115 parts 
of 95 p. c, 135 parts of 90 p. c, 130 parts cold or 15 
parts boiling 75 p. e., 350 parts cold or 25 parts boiling 
50 p. c. alcohol. 
Theobromina-=-in 50 parts hot or 1500 cold alcohol. 

The solubilities given for ether in the table I'efer to ether 
nearly or quite free fi'om alcohol. 

Semole (of coal-tar), as used below, distils at 60° to 80° C 
(140° to 176° F.), leaving 710 residue. 

Amylic aisohol dissolves 0,1568 part of Codeina, 0.0026 part 
of Morphia, 0.0032 part of Narcotina, 0.0130 part of Papaverina, 
Mid 0.0167 part of Thcbaina (Kublt). 

Mker dissolves from, acid solutions — Colchicin, l>igitaiin, 
Pici'otoxin — in general not the (other) alkaloids. 

Petroleum, Naphtha, as riscd below, distils at from 40° to 
60° C. (104° to 140° F.), leaving no residue. 

Ainylic Alcohol should be strictly free from cthylic alcohol, 

T}ie acid used with chloroform, benzole, etc., is sulphuric 
acid, added just to an acid reaction, and fonning sulphates of the 
alkaloids. 
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134, Separation of Alkaloids from (solid) Albumenoid, 
Patty, and Extractive Matters. — (1) The alkaloids are dis- 
solved out, as salts (tartrates, sulphates, or acetates) by alcohol, 
heat ; the filtered solutioa is evaporated to dryness, 
jidue dissolved as before, etc. For removal from 
esidue is dissolved in slightly acidulated water ; the 
(filtered) solution evaporated and the solution repeated, etc. — 
The i-esidue, in which the alkaloid is a salt, is washed ■with ether, 
as long as the ether removes anything (Otto's modification, 
1856). The washed residue is treated with alkali, in presence 
of ether, which dissolves the nascent alkaloid. The residue from 
the ether solution is, if necessary, pmified by extraction with 
alcohol, or acidulated water, or each, as required (Stas' method, 
1851). Also, this method is adapted for volatile as well as fixed 
alkaloids. [The extraction with ether may be followed by use 
of chloroform.] 

(2) A somewhat more simple method upon the same princi- 
ple, for non-volatile alkaloids only, with use of chloroform 
instead, of ether, and with carbonization by snlphurie acid 
(RoDOBRs and Gikdwood, 1856). Designed, by its authors, for 
strychnia only ; but applicable for all alkaloids soluble in 
chloroform and not decomposed by concentrated sulphuric acid 
at 100° C. 

(8) The use of amylic alcohol (as in Otto's and Stas' method) 
to wash the acid solution of alkaloids clean of alt matters soluble 
in amylic alcohol, and, after saturating with alkali, dissolving the 
alkaloid in the same solvent. Then, the amy lie-alcohol- solution 
of alltaloids is washed with acidulated water, whereby the alka- 
loids are removed from the former solvent and taken up by the 
water as salts. This is repeated until purification is complete. 
The method is applicable -only to those alkaloids not soluble in 
amylic alcohol from acid — see Table, 13S (Uslab and Eedmann, 
1861). 

(4) The use of animal charcoal to withdraw an alkaloid 
(strychnia) from (i solvent ; after M'hich the alkaloid is extracted 
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from the chai-eoal by a more effective solvent. (Graham and 
HoFMANN, 1853.) 

(5) Dialysis of the alltaloids, as salts, ftoni eolloid matters 
{GaAaAM, 1862). 

(6) Sepaxatiou of Alkaloids from each other, as well as 
from indeterminate mutters, etc. The iiso of petroleum 
naphtha, benzole, chloroform, a,nd amylio alcohol, each first in 
acid and then in allialinc solutions — extracting back to aciduiatfld 
water (as in method of Uslar and Erdmann) when necessary to 
purify. Division of the alkaloids into about eight groups. 
(Deagehdorfp, 1868.) 

(7) Separation of alkaloids from each other and from 
associated Glucosichs, by an extension of tlie method last 
named. 

(8) Separation of alkaloids from, each other by lliclr solu- 
bility in alkalL 

(9) Separation of pui-e alkaloids from each other by suceessivo 
use of ether, water, and chloroform. (Pbescott.) 

(1) Otto^s and Stas' Method.— An aliijuot part of the mate- 
rial is finely divided if solid, or concentrated if rmuid, and 
subjected to digestion, at about 60° C. (140° V.), with a double 
weight of 90 per cent, alcohol, with addition of 0,5 to 2.0 grams 
tartaric aoid {or oxalic acid). This extraction is completed by 
expression and digestion with another portion of alcohol, repeated 
two or three times. — The filtered liquid is now concentrated to a 
small bulk — by use of gentle heat, or in vacuum [or heat with 
partial vacuum from condensation by wse of two connected 
flasks*], or by gentle heat in a stream of air with use of a tubu- 
lated retort. Fat is separated i)y filtration through a wet filter, 
and the filtrate evaporated nearly or quite to dryness, in vacuum 
or over sulphuric acid. — Macerate the residue in absol&te 
alcohol (for 24 hom-s), and evaporate the filtrate at a boat not 
above 40° C. (104° F.)— Moisten the residue with water, and 

* PBBseoTT ; Chein. iVf.ii.-s, xx., p. a?3 (18TO, Jflu ) 
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add bicarbonate of sodium or potassium a? long aa there is effer- 
vescence. — Add three or four volumes of ether (free from oil of 
wine and not heavier than 0.725 s. g.) and agitate. Evaporate a 
portion of the clear ether npon a watch-glass ; a residue in oily 
streaks,'^llecting into droplets, having a pungent odor and alka- 
line ivsaetion, gives evidence of volatile alkaloids. 

Mvolalik alkaloids are present, the material is farther treated 
for a short time with a little sti-ong potassa solution, and then 
extracted in a flask or large test-tube with repeated portions of 
the ether. Acidulate the ether solution with dilute sulphuric 
acid, stopper tightly and agitate, and remove the ether layer, 
(Ammonia, anilin, nicotia, picolin, as sulphates, are not soluble 
in ether ; coiiia sulphate is slightly soluble in ether.) Evaporate 
the ether, at ordinary temperature, and teat for Conia, — To the 
acid watery residue add excess of potassa or soda, and extract 
with ether as before. Evaporate the ether at low temperature, 
and test the residue for volatile alkaloids (126). — For noa-volatile 
alkaloids, unite this residue with any fixed residue left by that por- 
tion of ether taken after adding bicarbonate, and treat as follows : 
For noiirvolatile alkaloids, evaporate the (first) ether-extra«t, 
dissolve in a very little, very dilute sulphuric acid (leaving a 
decided acid i-eaction) and wash with ether (absolute or nearly 
so) as long as anytliing is washed away.— Now add fitsh ether, 
then add excess of concentrated solution of carbonate of sodium 
or potassium and extract thoroughly with seveial portions of the 
ether. — The residue from the ether may be purified hj cxti action 
with water acidified by sulphuric acid; then the concentiatod 
aqueous sulphate is treated with carbonate of potassium in 
excess and extracted with absolute alcohol. — At each evaporation 
the appearance of crT/stals is watched. Crystallization fiorn 
ethereal solutions is greatly promoted by adding alcohol 

- (2) Rodg&rs and Gtrdwood's method — The mafcetial is 
dig&stod. with dihlie kydj-OcJiloric add at a moderate heat for 
about two hours ; the filtered extract evapoiatcd to dniKss on 
the w.itor-bath ; ihe residue extracted with vaici "iiil lilt i( 1, 
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and the filtrate supersaturated with ammonia and then extracted, 
in a flask, with chloroform. — The solid residue from the chloro- 
form is moistened with concentrated sulphuric acid and left oil 
the water-bath for half an hour or longer to carbonize foreign 
organic matters. When cool, it is then extracted with water, — 
The water solution is saturated with mnmonia and again extracted 
with chloroform- If the residue of (a portion of) the chloroforni 
blackens on wanning with sulphuric acid, the (whole) residue is 
again treated with sulphuric acid on the water-bath, extracted 
with water, and the aqueous solution with ammonia and 
chloroform. 

(3) Method of Uslar and Erdmann. — Digest the material, 
brought to the consistence of a thin paste and acidified with 
hydrochloric acid, for an hour or two, at 60° to 80° C, (140° to 
176° ]?.), aiid strain and press through wet linen, washing the 
residue with water acidified with hydrochloric acid. — Evaporate 
the united solutions, with addition of clean sand and of ammonia 
in excess, and triturate to a powder. Boil the residue, repeat- 
edly, with amylic alcohol, and tilter the extracts hot thi-ough 
paper moistened with amylic alcohol. The filtrate is usually 
yellowish, and holds fatty and coloring matters, with the alka- 
loids, in solution. — Transfer the filtrate to a cylindrical Tcssel, 
add ten or twelve times its volume of water acidified with 
hydroehlorio acid and nearly boiling, agitate vigorously and set 
aside. liemovo the amylic-alcohol-layer with a pipette. (This 
should be nearly or quite fi-ee from all those alkaloids not soluble 
in amylic alcohol with acid — the only ones considered in this 
process. See Table, 133. This amylic alcohol, however, may 
well be washed with one portion of hot acidulated water.) Wash 
the water-acid liquid with several portions of amylic alcohol. — 
Concenti-ate the water-acid liquid, add ammonia in excess, and 
repeat the extraction with hot amylic alcohol. — If the liquid is 
colored, or if the residue of a few diops is blackened by a drop 
of sulphuric acid, again extract by much hot acidulated water, 
and the'il by amylic alcohol, 
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(4) Method with Animal C/tarcoal — Shake two ounces 
aaimal charcoal in half a gallon of the aqueous, neutral or feebly 
acid, liquid ; let tiie mixture stand 24 hours, with occasional 
shaking; filter; wash the charcoal once or twice with water; 
then boil half an hour with 8 ounces of alcohol of 80 to 90 per 
cent, (condensing and retm-ning the evaporated alcohol.) Filter 
and evaporate the filtrate. — (Devised by its authors for separa- 
tion of strychnia from beer.) 

(5) Dialysis. — ^The aqueous liquid or suspended laaterial is 
acidified with hydTOchloric acid, and floated, in the dialyzer, over 
pure water. The dialyzed liquid usually contains foreign matter ; 
still to bo removed by some other process. 

(6) Vse of Naphtha, Benzole, C/iloro/orm, and Amylio 
Alcoliol, each in Add and in Alkaline Solutions. Dragen- 
dorff's Method. — The finely-divided material is extracted several 
times with water acidulated with sulplinrio a«id, digesting 
several houi-s at a temperatu e ui 40 t 50 L (If it is desired 
to examine for the glucos des cul h c \^ til solania, the 
digestion should be made at o d nary ten peratures. Piperin 
may bo in part u:idiasolved ) lie filtrate s treated with suffi- 
cient calcined magneBla to leave o ilj a si ght ac d reaction, and 
evaporated over a water-bath to the consistence of a syrup. This 
is plaeed in a flask, treated with three to four parts of 70 to 80 
per cent, alcohol, acidulated with sulphuric aeid, and digested 
with frequent agitation, for 24 hours, at about 80° C. When 
oold, the liquid is filtered, the residue being washed with alcohol. 
The filtrate is evaporated to remove all the alcohol, and diluted 
with water: solution A. 

Solution A is digested and washed in- a flask with petroleum 
naphtha (see 133), at about 35° C. Fats, colors, etc., and, if 
present, Piperin arc dissolved : solution E. — ^The watery-acid 
residue from solution B is digested and washed with benzole at 
about 45° C. If a small portion of the decanted benzole gives a 
perceptible residue, the whole is nearly neutralized with magne- 
sia or ammonia (leaving a distinctly acid roactimi) anil lhen 
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thoroughly extracted with the benzole : solution C. This honzole 
solution is evaporated iu glass dishes, for oxaminatiou of the 
residue. It may contain Caffeina, Colchidn, OubeUn, Delphina, 
Digitalin (and traces of Berberin, Physostigmin, and Veratria). 
See also under (7), 134. — The watery-acid residae from solution 
C is now extracted with amylic alcohol: solution D. In this 
solution there may be Berberin (traces in C), J^arcotlna (perhaps 
only in part), Pliysosfigmia (traces in C), Thodbromina, Verafria 
(and traces of Aconitina and Atropina) . — The watery-acid residue 
fi-oni solution D is now extracted w ith chloroform : forming 
solution E. This may contain Papaverina, NareoHna (if not 
wholly in D), TJtebaina, and perhaps Voratria left from the 
benzole of C. 

The watorj--aeid residue of E ij now in.Tde slightly alkaline 
by ammonia, and extracted at about 35° C. -nith petroleum 
naphtha, — If a little portion of this solution gives a colored 
residue, the whole of it is thoroughly washed with much water 
acidulated with sulphuric acid, thus transferring the alkaloids to 
watery-acid solution, from which they are again extracted by 
making alkaline and washing with petroleum naphtha. This, 
solution P, in petroleum naphtha, may eontwn Brucia, Conia, 
Bmetia, Mcotia, Quima, Strychnia, and remaining traces of 
Veratria. — Two of these are volatile and liquid alkaloids, soluble 
from the residue in cold water. Evaporation of the naphtha 
leaves cfuinia and strychnia crystalline; brucia, emetia, and vera- 
tria, amoi-phous. Quinia, emetia, and veratria are soluble in 
absolute ether ; brueia and strychnia insoluble. 

The watery-alkaline residue of F is now extracted several 
times with benzole, at about 40° C. If a portion of the benzole 
leaves a colored residue, the whole is extracted with aeid-water 
and again taken up with benzole for purification, as directed 
above for naphtha. Solution G (in benzole) contains AooniUa, 
Atropia, Cinchonia, Codeina, Syoscyaraia, Physostigmia, 
Quinidia. — These alkaloids are all soluble in ether, except cin- 
chonia. If the residue of the others is dissolved in water 
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acidulated with sulphuric acid and then t 
monia, acoiiltia and quinidia ara precipitated ; while atropia, 
codeina, hyoacyainia, and physostigmia are (for a brief time) dis- 
solved. The aconitia and quimdia prcoipitate being dissolved in 
hydrochloric acid, platinio chloride precipitates only the quinidia. 

The watery " alkaline residue of G is now acidulated with 
sulphuric acid and washed at about 55° C. with amylic alcohol ; 
then made alkaline with ammonia and extracted with amylie 
alcoliol at the same temperature. Jf the residue of a portion of 
the solvent is colored, the alkaloids are extracted from the whole 
by acidulated water ; and again extracted by amylic alcohol in 
presence of alkali (as directed for F and G). Solution H (in 
amylic alcoliol) contains Morphia, Ifarceina, Solctnia. — Nai'- 
ecina is dissolved from, the residue by warm water. 

The watery allialine residue of H, which may be termed 
solution I, may contain Gurariti, and traces of Berberina 
(Digitalin) and Narceina. The solution (I) evaporated to dry- 
ness, with pulverized glass, yields it« alkaloids to alcolloL 

(7) S^aration of Alkaloids and Glucosides from each 
other. Drageiuloi'^'s scheme. Use of the solvents and opera- 
tions employed in (6). 

A. Benzole dissolves, from acid (sidphuric) aqueous solutions 
— Caffeiiia, Colchicin (incompletely), Colocynthin, Cubebin, 
Deiphina (ineompleteiy), Digitalin, Elateriii, Narceina, Piperin, 
Syringin — and traces of physostigmia and veratria. 

B. Benzoic dissolves, from alkaline (ammoniacal), aqueous 
solutions — Aconitia, Atropia, Bruoia, Cinchonia, Codeina, Conia, 
Deiphina, Emetia, I-Iyoscyamia, Narceina (imperfectly), Narco- 
tina, Nicotia, Papaverina, Physostigmia, Quinia, Qniuidia, Strych- 
nia, Thebaina, Veratria. 

c. Benzole fails to dissolve, more than traces, from alkaline 
solutions — Morphia, Salicin, Solania, Syringin, Theobromina. 

p. Benzole docs not dissolve, either from acid or alkaline 
water solutions — Curarln, Picrotoxin, Salicin, Theobromina. 
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E. Benzols, Pctroleiim Naphtha, Amylie Alcohol, and Chlo- 
i-oform, nil fail to disaoloe, from acid or alkaline solutions, 
Curarin. 

F. AmyUc alcoliol dissolves, from a«jd (sulphuric) water 
solutions, more readily when waiin — Aconitia {very sparingly), 
Berherina (in greater part), Brucia (in traces), Caffeina, Cantha- 
I'idin, Colohicin, Cuhebin, Delphina, Digitalin, Narceina (spar- 
ingly), Nai-eotina, Pici-otoxin, Piperin, Salicin, Santonin, Theo- 
bromina, Veratria. 

G. Fetrolema HaphtliB. leaves undissolved, from acid or allia- 
line aolutions — Aconitia, Berberina, Caffeina, Curarin, Narceina, 
Salicin, Syringin, Physostigmift, Thcobromin. 

H, Petroleum Naphtha dissolves from acid (sulphuric) watery 
solutions — Piperin, Popuiin. 

I. Petroleum Naphtha dissolves from alkaline (ammoniacal) 
solutions — Bracia, Conia, Emetia, Nicotia, Papaverina, Quinia, 
Strychnia, Veratria, and traces of aconita, berberina, cinchonia, 
delphina, uarcotina. 

J, Petroleum Naphtha does not dissolve, from allialine solu- 
tion^Caffeina, Colchicin, Delphina. 

K, CIilOTOfbmi dissolves from the acid (sulphuric) water solu- 
tion — Caffeina, Colehicia, Colocynthiii, Cubebin, Delphina (spar- 
ingly), Digitalin, Narcotina, Papavcrina, Piperin, Picrotoxin, 
Santonin, Thebaina, Theobromina. 

I. Chloroform dissolves from the alkaline (ammoniacal) 
water solution — Aconitia, Atropia, Berberina (sparingly), Brucia, 
Caffeina, Cinchonia, Codeina, Colchicin, Conia, Cubebin, Del- 
phina, Digitalin, Emotia, Ilyoacyamia, Morphia (sparingly), 
Narcotina, Narceina (sparingly), Nicotia, Papaverina, Piperin, 
Qtiinia, Strychnia, Tliebaina, Theobromina, Veratria, 

(8) Separation of certain alkaloids from each other hy 
solubility in alkali- 

A. Solutions of Fixed Alkalies precipitate, and by excess 
redissolve, in dilute solution — Atropia, Berberina, Codeina, 
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Conia, Hyoseyamia (partly), Morphia, Nicotia, Solniiio — Colchi- 
cin. being decomposed. 

Most of the other well-known alkaloids are left in precipitate 
by excess of fixed alkali. 

B. Of those not redissolved by fixed alkalies, Ammonia in 
strong excess dissolves from precipitate — Aconitia, Cokhicin, 
Hyoscyamia, Physostignjia, Strychnia. 

(9) S^aration hy successive use qf Mher, Water (and 
C'/dwoform). — The alkaloids ai-e pi-eviously obtained pure, as 
liases, and in the solid state finely divided. The ether used is 
absolute, applied in proportion of 40 to 60 parts to one of the 
solid, with agitation and digestion in sib. stoppered , flask. The 
water is applied hot, and in propoition of fully 100 parts to one 
of solid. The chloroform should be nearly or quite free from 
alcohol, and 20 to 40 parts used. Alkaloids which are appre- 
ciably divided by the solvents have their names placed in 
parentheses. 

Alkaloids. 

Treai mlh Ether and filter. 



Conta 




HyOBcyBDiia 








NlLOtlB 


QuIdIs (^alJfln) 







(BorbBTina) 


OlnohODla. 




EreoUcB 


(DlsIlallD) 




(NorcoinB) 


(Hydraetin) 






Morphia 




Owonln) 


.Kotocinai 
Ehffiadlix. 


fTheobromI 




(Thcobromlna) 
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136. Detection and separation of alkaloids as a class. 
The material is obtained in solution, and free from albumenoid, 
gelatinoid, gummjl, coloring, and " extractive " substances, 
Aiso, the presence of inorganic acids, bases, or salts which react 
■with the several reagents, must be avoided. Then, ilie alkaloids 
are precipitated — by potassio mercuric iodide (also a means of 
volumetric deteimmation) (a) by ihosphomolybd c acid (per- 
mitting a division of alkaloids b> subsequent use of ammonia) 
(6) ; by metatungstic acid (c) by j otassio cadmic iodide {d) ; 
by picric aciA (with distinguishmg exceptions) (e) by tannic 
acid (with e\ceptnns and peculiarities) (f) by solution of 
iodine with lolide {</) 

a. The potassio mereuno iodide leagent is pieiaied bj add- 
ing to solution f mereinit. chlsnde enough potasaic iodide to 
dissolve the precpitati, first foimed It giies precipitate in 
even dilute solutions of nearly all all-alotds except Cafeina, 
Colchidn, Ihgitahn Theoh oimna , the precipitates being 
mostly yellow iihuhite Toi the leactions with the Volatile, 
Alkaloids and Ammonia see 131 The precipitates aie msoluble 
in acids (distinction Irom ammonia) or m dilute ilkalies, but 
soluble in alcohol and (in manj cases) m ether — Jso m many 
cases, soluble in excess of the precipitant — ^Foi the erti action of . 
the alkaloid Irom tlie precipitate tiitaitte the latter with stan- 
nous chloride and enough potassa solution to give a strong alka- 
line reaction then e\haust with ether or chloioform or it the 
alkaloid is not soluble m these add potasaic caihonate instead of 
potassa and e\tra«t with strong alcohol 

For the volumetnc determination h'^ potassio mercuric 
iodide {Matbb) the reagent is prepared with 13 56 grams mer- 
curic chloride 5 giams potisi^ic lolide anl water tc oiii, litre. 
Of this Stan laid sclutioi Ice pecptatts ofeachalkil 1 the 
quantities stated below 

Aconltia Diagram I CIi choma C010"gralQ 

Ati-opia, C 115 Lo im 004 
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Narcotina, 0.03J3 g; 
Micotia, 0.0040 
Quiaia, 0.0108 



Quinidia, 0.0120 grai 
Strychnia, 0.0167 " 
Veratria, 0.0269 " 



The volumetric determination is somewhat unsatisfactory, 
by reason of the slowness with which the precipitate subsides. 
The alkaloid solution is slightly acidulated with sulphuric or 
liydrochloric acid ; after ea«h addition of the reagent the mixture 
is strongly shaken and left to subside; then a drop of. the clear 
liquid is placed on a hlue or black glass plate, and treated with 
a drop' of tha i-eagciit — to learn whether further addition is 
necessary. 

b- Phoephoraolybdie acid solution * — Sobnbnschbin's Re- 
agent — gives amorphous and mostly yellow precipitates with the 
alkaloids, as below. The alkaloid solution should be neutral or 
slightly aeid, as alkalies dissolve the proeipltato in most eases. 
The reaction with ammonia should be not^d ten minutes after 
its addition. 



-Aconitia; 


YoUow. 


Blue solution. 


Colorless. 


Anilin. 


Blue, then yellow 






Atropia. 


Yellow. 


Blue to colorless sol. 


Colorless. 


Berbei'ina. 




Blue solution. 




Bruda, 


Orange. 


Yellow^green solution. 


Brown. 


Caaeina. 


Yellow. 


Colorless solution. 






WhitiBli-yellow. 






Codeina. 


Bi'owulsh-yellow. 


Green aolutioa. 


Oronge-red. 


CoIcliiciQ. 


Yellow. 


Bluisli solution, in Ji- 111 
greenish. 




Conia. 


Yellow-wUite. 


Bluish or greenish pre 


. Colorless. 



* The yellow precipitate formed on mixing acid solutions of molybdate 
of amiuoainm and phosphate of sodium — the phospliomolybdate Of ammo- 
nium — is well washed, suspended In water, and heated witS carbonat:e of 
sodium until completely dissolved. The solution Is evaporated to dryness, 
and the residue gently Ignited till all ammonia is expelled (sodium being 
substituted for ammonium). If blackening occurs, from reduction of 
molybdenum, the residue Is moistened with nitric "acid and heated again. 
It is then dissolved with water and nitric acid to sti-ong ocidulation ; the 
solution being made ten parts to One of i-esidue. It must be preserved from 
contact with vapor of ammonia. 
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Delphina. 


Gray-yellow. 






Digitalin. 


Yellow, on warm 


-Blue solution. 


Groen, then 




ing dissoly 'a gr 'n. 




colorless. 


Emetia. 


TeUowish. 






Brgotina. , 








Morphia. 


.YeUowish. 


Darli blue sol, in X hr 
a blue residue falls. 




Narceina. 


Brown-yellow, be 






Narcotina. 


Brown-yellow. 






Nieotia. 


"Yellow. 


Blue solution. 




Papaverina. 


In dilute eol., m 








YeHow. 


Blue precipitate. 




PiperJii. 


Bi-owQ-yellow. 


Colorless solution.. 




(Piperidiru 


Clear yellow. 


Blue solution.) 




Quinia. 


Yellow-white. 


Wiitish preeipitote. 




Quinidia. 








Solania. 


YeEow. 


Colorless solution. 






Yellow-whitp. 






Theobromina, 








Verati-ia. 


Yellow. 


Colorless precipitate. 




c. Metatu 


mgstie acid preci 


pitatea alkaloids fi-oi 


11 very dilute 



solutions (Scheibleb). The reagent may be prepared by adding 
phosphoric acid to a solution of ordinary tuiigstate of sodium as 
long as a precipitate is formed and redisaolyed. The precipitates 
are white smA .flocculent. This test is more delicate than that 
with phosphomolybdic acid. Scheibler states that a distinct 
turbidity is produced in a solution of one part of quinia or 
strychnia in 200,001) of water. 

(I. Potassio cadmio iodide solution (prepared like potaasio 
mei-curic iodide*) (Mabme's test) gives gray-yellow to yellow 
precipitates with the alkaloids. The solution of alkaloid should 
be feebly acidulated with sulphuric acid. The precipitates ai-e 
easily soluble in alcohol, insoluble in ether, soluble in excess of 
the reagent, and decompose on long s 
obtained with 
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Aconltia, 


Delphina, 


Piperin, 


Atropia, 


Emetla, 


Piperidin, 


Berberina, 


HyoBcyamia, 


Quinia, 


Brucia, 


Morphia, 


Quinidia, 


Cinchonia, 


Narceina, 


Sangiiinarin (red). 


Codeina, 


Karootina, 


Strychnia, 


Colua, 


KieoUa, 


Thebaina, 


Curarin, 


Papaverina, 


Verati-ia. 



Cytlsin, 

No precipitates ai'C obtained (in 'llhite solutions) from Col 
chicin, Solania, Theobromina, or from other itnown glucosicles 
and neutral substances. — The alkaloids are obtained from their 
precipitates by adding an excess of carbonate of sodium, drying, 
and cxti'aeting with ether, chloroform, or benzole, according to 
the solubility of the alkaloids sought. 

(!. Picric or Trinitrophenic twid precipitates from water 
solutions the larger mimber of the alkaloids, especially as sui 
phates. Presence of free sulphuric acid generally promotes 
these precipitations and enables them to be formed in more 
dilute solutions. On the contrary, they are dissolved by 
hydrochloric acid. 

No precipitates are formed by picric acid, in ociA sulphate 
solutions of Aniliii, Caffeina, Morphia, Pseudomnrpiua, Solania 
(unless by long standing), Tlioobromina. and the Glucosides, — 
Aeonitia and Atropia are not precipitated except in concentrated 
solutions. — Atropia and Morphia are, however, precipitated in 
neutral solutions. — SabaJUUa in 150 parts of water is not 
pi'ecipitated. 

Full precipitates are obtained from the strongly acid sul- 
phates of Berberina, Colchicin, Delphina, Emetia, the Cinchona 
alkaloids, the Opium alkaloids with the exceptions above given, 
the Strychnos alkaloids, Veratria, etc. 

The following results are obtained by treating about a grain 
of a water solution of (neutral) salt of the alkaloids with an 
alcoholic solution of picric acid (Wormley) : 
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PreclpIlatG. 


"sirs'f. 


.SBSS" 


Acouitia. 


Yellow, amorplious. 


so^inr 


grain. 


Atropia. 


Yellow, erystallicc. 


tAi 




Brueiii. 


Yeilow. 


nim 


", 


Codeiiia. 


Yellow, amorphous. 


,tA™ 




Conia. 


Yellow, erystalliue. 


TrVv 


" 


Morphia, 


Yellow, amoi-phous. 


Th 


" 


Narceina. 


11 « 


jh 


" 


Narcotina. 




m-im, 




Nifiotia. 




nrJn 




Solaiiia. 




i,Vi 




Strychnia. 


Yellow, crystallmc. 


,i4tt 




Veratria. 


Yellow, amorphous. 


Wn 





The alkaloids may bo extracted from their picrates by addi- 
tion of an alkali and chloroform, benzole, or other suitable 
solvent. {Alcohol does not dissolve potassio picrate; but it takes 
up the excess of potassa.) 

f. Tannic acid — in solution with 8 parts of water and 1 part 
of alcohol — gives whitish, grayish-white, or yellowish precipi- 
tates with nearly all the alkaloids. In the larger number of 
instances these precipitates are easily soluble in acids, frequently 
dissolving in excess of the tannic acid ; pn the contrary, some of 
the alkaloids are precipitated by tannic acid only in strong a*id 
solutions. Ammonia dissolves the tannates of the alkaloids. 

No precipitates are obtained with Piperin, Salicin, or 
Saponin. 

Dilute aceUc acid dissolves the precipitates of tannates of 
Aconitia, Brucia, Caffeina, Colchicin, Morphia, Physostigmia, 
Qninia (if the acid is not very dilute), Solania, Veratria. 

Cold dilute hydrochloric aeid does not dissolve the precipi- 
tates of tannates of Aconitia, Berberina, Brucia (slightly dis- 
solves), Cafieina, Cinchonia, Colchicin (dissolves slightly), Del- 
phi n a, Di gitalin, Narcotina, Papavcrina, Tlicbninn, So! 
Strychnia (dissolves sparingly), Yci-afriu. 
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Cold dilute sulphwie acid does not dissolve tho precipitates 
of tiuinates of Aconitia, Physostigmia, Quiuia, Solanift, Vefatria. 

Precipitates are formed in neutral solutions (not very dilute), 
but not in slightly acid solutions, yet completely formed in solu- 
tions strongly acidulated with sulphuria acid, by Aconitia, 
Physostigmia, Solania, Veratria. 

Concerning the reactions of the Volatile Alkaloids with tannic 
acid, see 131. 

Alkaloids are separated from t/ieir tannates by mixing the 
moist precipitate with oxide or carbonate of lead, drying the 
mixture, and extractiug with alcohol, ether, or chloi-oform. 

g. Water solution of iodine in iodide of potasBiiun precipi- 
tates the alkaloids in general. The solution is made of 3 parts 
of iodine, 5 of iodide, and 50 of water. (Wormlbt : 1 of 
iodine, S of iodide, and 60 of water.) — The precipitates are 
yellow, orange-yellow, reddisli-brown, and brown. — N'o pi-caipi- 
tates are obtained with (Ammlonia), Caffeina (in neutral solution), 
Digitalin (or but slight turbidiiess), Solania, Theobi-omina. — 
JeHoio precipitates are given by Atropia (sparingly saturated), 
Hyoscyamia, Physostigmia, and Trimethylamia (orange-yellow). 
lied-brown precipitates are obtained with Aconitia, Codeina, 
Conia, Lobelina, Morphia, Narceina, Narcotina, Niootia, Quinia, 
Strychnia, and Veratria. 

136. Concentrated sulphuric acid gives ciiaracteristic reac- 
tions with some of the alkaloids ; and a greater number of good 
indications are given by Frcehdb's reagent, which consists of 0.01 
gram molybdate of Bodinm dissolved in 10 c.c. of concentrated 
sulphuric acid (and so prepared freshly each time it is required). 
Por these tests the alkaloids must be almost absolutely free 
from impurities not alkaloids. One or two miligrams of the 
alJcaloid arc dropped upon 13 drops of the acid. 



Aeoiiitia, Slight yellow to yel,-br'n. YeJlow-brown ; cclorles!;, 

Aiiiygdalhi, Light violet-red. 

Afcropia. ColorleES solution. Colorless. 
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Berberina. 


Dark oUve-green. 


FBCEHDE'S BBA&Bh-T. 
Greenish-brown to brown. 


Brucin. 


Pale rose. 


Red ; yellow. 


Caffeitia. 


Colorless. 


Colorless. 


Cinchonia. 


Colorless. 


Colorless. 


Codeina. 


Colorless. 


Green ; blue : yellowish. 


ColeMcin. 


YeUow. 


YeUow. 


Colocyuthiu, 




Cherry-red (slowly). 


Colombin. 


Orange, taming red. 




Conla. 


Colorless {pale reddlsli 'i). 


Pale yellow. 


Cubebin. 


Bright red, then crimson. 




Ciirarin. 


Lasting bluo. 




Delphiiia. 




Red-brown. 


Digitami. 


Brown to red-brown. 


Orange ; cherry-i-ed ;br'wn. 


Elatei-in. 
Emetia. 


Red. 
Brownisb. 


Yellow. 


Ergotina. 


Red-broWii. 




Hesperidin. 


Tellow-rtd. 




Ilydrastm, 
HyoBcyamKi. 


Colorless ; aftisr lieating, 

piu'pld. 
Brownisb. 




Igasuria. 


Hose-color: yeUowish ; 
greonish. 




Limonin. 


Yellow-red. 




Meconin (Opianyl). 


. fWith heat, blue to purple) 




Morphia. 


Colorless. 


Violet ; green - yellow ; 
violet. 


Narceina, 


Brown to yellow. 


Yellow-brown ; yeUowish : 
colorless. 


Nai-cotiHH, 


Yel. ; purple after wann'g. 


. Green ; yellow ; j-eddish. 


Nicotia. 


Colorless. 


Yellowish \ reddish. 


Ononin. 




Red. 


Papaveriiia. 


Violet ; blue. 


Violet ; blue ; yel'w ; color- 
less. 


Phloridzin. 




(Slowly) blue. 


Physo9tigmia. 


Yellow ; oliye^i'een. 




Iiperin 


Fale yellow ; brown. 


Yellow ; brown. 


lopulin 


Red. 


Violet, 


rseuilomorpLia. 


Olive-greea. 




guima 


Colorless. 


Colorless ; greenish.'^- 


Qumidia 


Nearly colorless. 


Colorless ; greenish. 


Snlioin 


Bright red. 


Violet ; cherry-red, 


SarBapanllm 


Ueep red, then riolet, then 




yellow. 




•^ '■nihil' 


YelloTT-reiJ. 
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Solania, Eeddisb-yeOow. ClieiTj--i-eil ; red-bro-mi ; 

yellow. 

Btrycimifl. Colorless. Colorlepa. 

Syrmgiii. Blood-red, tlien Tiolet-rpd. 

Tamiic! acid. Pui-p'e-red. 

Thcbaiua. Blood-red ; ypHow-brown. Orange. 

TtLeobromlnc. Colorless. Colorloas. 

Veratria. Slowly to ci-imson red. Yellow ; clierry-red. 

137. Sulphuric acid and bicliromate of potassium; the 
solid alkaloid being dissolved in the acid and a very minute 
fragment of the bichromate being brought into contact with the 

With Strtfchnia, a brilliant play of changing colors, bluo 
turning soon to violet and then red-violet, then slowly fading 
— (delicata and distinctive). "With Brucia, a.n orange or brown- 
ish-orange color. "With Narceiua, a dirty-red mixture. \Yiih 
Hydrastia, a briclt-red to carmine-red color ; with Picroto\in, 
red-brown. With anilin, a yellowish to greenish tint first ap- 
pears, slowly passing into blue, which after half an hour or 
longer becomes nearly or quite black. With Curarin, a play of 
colors similar to strychnia (compare 13C). With aconitia, 
atropia, codeina, conia, morphia, narcotina, nicotia, solania, 
veratria, and many other alkaloids, — there is only the slowly 
formed greenish color of chromic oxide. 

This, the stTijchnta test, may be made witli substitution of 
otlier oxidizing agents for the bichrom.atc, the crystallized per- 
manganate of potassium perhaps giving the best results. Sok- 
NEBSCHEiN advocates the use of ecroso-ceric oxide. 

138, Concentrated Hitric add, of spec. grav. 1.42, gives a 
red or reddish-yellow color with the greater number of the alka- 
loids. 

Brucia, in the solid stat«, is dissolved by nitric acid with 
intense blood-red color — solutions of the alkaloid giving the 
same with less intensity or a reddish-ycilow color. On warm- 
ing, or standing, iho color changes to yellow: if now a drop of 
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HEACTWXS •■YITH ylTJlIf ACID. 117 

solution of stannoua chloride is added, a purple color appears. 
The purple is diaeharged by either nitric acid or excess of stan- 
nous salt. Igasuria gives, nearly the same reaction, both with 
nitric acid and stannous chloride ; the violet to purple color ivith 
the last-named reagent being characteristic of brucia and igasuria. 

Morphia in somewhat concentrated- solutions is colored yel- 
low to orange-red — the color is either not changed or is altered 
toward the yellow by stannous chloride (distinction from bruoia). 
— Codeina, Narceiim, and Papaverina are colored red to 
orange-yellow by nitric acid ; and 2farcotiiia, PsBudomorphia, 
Opiania, Thebaina, and Rhmadia, yellow. Emetia is changed 
to a yellow, resinous mags, with partial decomposition. 

Cohhicin is colored violet by nitric acid ; the most concen- 
trated nitric acid, containing iiitrous acid, forming an intense 
blue-TJolet color, Tho color changes to brown, and finally to 
yellow — these tints being more distinct in proportion as tho 
violet is deeper. If the chlorofonn solution of colchicin is 
treated with concentrated nitric acid, a violet-red color is formed 
and taken up by the chlorofonn \s.yBr;^^.Curarin is colored 
purple by nitric acid. 

Nitric acid produces no color with Atropia (brown tint, fad- 
ing), Caifeina, Cinchonia, Conia (sometimes yellowiali), Quinia, 
Qoiuidia, Solania (becoming faint rose-red with bluish rim), 
Theobroniitia. 

Berberina is colored brown by iiltric add. 

Daphnin is colored red. 

Piperln becomes gi-eenish-ycllow, orange, llion red, and 
resinous. 

139. Concentrated sulplmrie acid followed by nitrate of 
potassium (solid), with Narcotind gives a deep blood-red color 
(delicate and distinguisliing). Tho color is discharged by much 
excess of nitric acid. — In tho same test, Brucia gives aa orajige- 
rcd, and Opianta a scarlet-orange color. Codeina becomes 
first greenish, then reddish. Narceina turns reddish-brown. 

140. Chlorine water followed by ammonia, — Quinia (or 
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148 ALKALOIDS. 

Quinldia) treated first with fresh eliloriiie watsr and then with 
ammonia, gives a green flocculeut precipitate which by excess of 
ammonia dissolves to an emerald-greea solutioit (characteristic). 
On neutralization with an acid, the color changes to light blue, 
which becomes violet or red on supersaturation with acid, re- 
turning to green with addition of excess of ammonia. Addition 
of solution of red fcrricyanide of potassium to the ammoniacal 
green solution produces a red color (with Quinidia a bulky 
precipitate). A bettor result is obtained by adding the ferricy- 
anido after the chlorine and before the ammonia. The impure 
chlorine obtained by addition of hydrochloric acid to chlorate 
of potassium servos the purpose of this test. 

Colchicin, when treated with chlorine and ammonia, gives an 
orange solution, — Caffelna and Tlieohromina, treated with 
chlorine water (or niti-ic acid), then evaporated to dryness, on 
addition of ammonia give a purple-red color. Clilorme, alone, 
with Brucia and with Igasuria gives a light red color; with 
Hi/drasfia, blue fluorescence. Physosiigmia, with solution of 
chlorinated lime, gives an intense red color, turning nearly 
black by farther addition. 

141. Solution of Ferric ehloride (dilute) colors solid Mor- 
phia, and PseudomorpMa blue. Also Daplmin blue in the 
cold, turning yellow when warmed. 

Morphia separates iodine from iodic acid. 

142. Hatinio chloride solution precipitates the greater 
number of the alkaloids, even dilute solutions (those in 2,000 or 
3,000 parts of water) — the precipitates being yellow, whitish- 
yellow or grayish-yellow, and some of them being soluble in 
cold hydrochloric acid. — Anilin, Digitalia, Physostigmia, and 
Solania, arc not precipitated ; and Aconitia, Atropia, Codoina, 
Hyoscyamia, Narcotia, Nicotia, Sabadillia, and Veratria only 
from concentrated solutions. — The alkaloids next named give 
precipitates ; each precipitate,' after ignition, leaving a weight 
of pure platinum bearing a fixed ratio to the weight of the alka- 
loid — in accoi-dance with the formula given. 
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loO ALKALOIDS. 

143. Auric chloride gives precipitates in water solutions of 
salts of tlie greater number of the alltaloids, aa follows. Many 
of the precipitates are soluble in alcohol. Some of them, on 
standing, sepai'ate the gold. The dried and ignited precipitates 
yield fixed quantities of metallic gold, according to the formulse 
and percentages given : 



Aconitia, C,„H,,NO,.HCl.AuCI, 



Atropia, C,.Hj,5rOj-HCl.AuCl, 

Borberina, C^„H,_B"O^.H Cl-AuCl^ 



Brucia, 

Caffeina, C,H,„N,0,.H Cl.AuCI, 

Cinchonia, .... 
Ciachonidia, C5„H,^K,0(H Cl)^AuCl5 
Codeina, no precipitate, , 

Colchicin, 



Color, etc, of fie pre. 
Llglityel., reduced 
after a time. 
31.3 Light ye: 



29.1 Dai 



Delphina, 
Digital! 11, 

Emetia, 

Morphia, 



Nareeina, 

Papaverina, 

Physostlgmia 






HCl. 
(Lilce Strychnia). 
3T.0 Lem.-yel., cryst'e. 
Yel.,(IikeQu:nia). 
Yel., amorphous, 
(in concentrated solutions 
a brown precipitate). 
Slowly, yel. flocks; 
becom'g reduced. 
Light yel. 
Slowly, a 3'ellow 
cryst'e precip. 
'29.7 Light yel., amorp, 
31,3 Yel.-white. 

Light yel., dark'g, 
insoluble in cold 
HOI. 
Y'el., beeom. red'd. 
Dark yeL 
Red'ish-blue color, 

with reduction. 
Liglit yei., amorp. 
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; C,.H,^llfp,(HCl),(AuCIJ, 



Solaiila, no precipitate. 
Stiychnia, C,,H„N,0,.H Cl.AuCI, 



u in pre. Color, etc., of the pre. 
3i>.l (Like Quinia) dry 

then at 100° C. ; 
melts at IIS^C, 
or in boil, water, 

90.3 Yel., amor., sol. in 
cold H ca, slight, 
sol. in wat«r, in- 
sol. in etjier, sol. 
in alcohol, from 
which it crj-st. 

Thebaina, ...... Red-brown. 

Theobromine, Slowly, slight, noe- 

dle-fonn, cryst. 
Voratria, C,,H,,T3"p,.HCl.AuCl, . 31.0 Clear yel., amorp. 



GLUCOSIDES AND OTHER NEUTRAL BODIES: SOLID. 



144. ABSHfTHIIf. Ci„H,jO^. A liard and obscurely 
crystalline solid of very bitter taste. Slightly soluble in M'atcr, 
very soluble in alcohol, soluble in ether, and soluble in aqueous 
alkalies. It is precipitated by tannic acid, not by subacetate of 
lead. "When treated, dry, with concentrated sulphuric acid, and 
the raistnre slightly diluted with water, a bluc-violct color. It 
does not reduce potassio cupric sulphate, but reduces aintrionio 
nitrate of silver to a mirror- coating. 



145. ALOUSr. C„H„0,. A crystallizabl. 



pa.c 
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li'i-J GLUCOsiDES Axn OTiiKii xeutt:al solids. 

solid, of neutral reaction and a taste at first sweet and then vciy 
ijitt«r. It beai-s 100° G. without change. It is slightly soluhlo 
in cold watei" or alcohol, moderately soluble in the same v In n 
hot, and soluble (with a yellow color) in the alkalies and thtir 
carbonates, — Chlorine gas, in a solution of aloin, forms 'a bright 
yellow precipitate (chloraloi!). Bromine also gi\cs a yellow 
precipitate. — Concentrated nltrio acid transform g alom into 
chi-yaanimic acid. 

Chryaammic acid, C.^'B^{SO^fi^, is a yellow or greenish- 
yellow powder, of bitter taste and acid reaetioo, sparingly soln- 
blo in water, readily soluble in alcohol and in ether. It detonates 
when heated. Boiled with solution of stannous chloride it is 
precipitated as a deep violet powder. Chrysammato of calcium 
is a dark red insoluble powder, 

146. AMTGDALIIT. C^.H^NO,,. A white, pulrerulent, 
and crystalline solid,' neutral, without odor, and with sweet and 
bitter taste. Soluble in 11 parts of water; sparingly soluble i:i 
cold, moderately soluble in hot alcohol ; insoluble in other. — - 
Concentrated snlphiiric acid colors it light violet-red. By boil- 
ing dilute sulphuric acid, it is transfonued into oil of bitter 
almonds, glucose, and formic a«id ; by fermentation with emul- 
sin, into bitter almond oil, hydrocyanic acid, and glucose. (10 
parts of anhydrous am.ygdalin, as dried at 110° to 120° C, or 
20 to 24 of ordinary commercial amygdalin, gives 1 pai't hydrocy- 
anic acid and 8 parts of bitter almond oil.) — Permanganate of 
potassium forms cyanic and benzoic acids. 

147. AspARAQiN. C^H,H',,0,(H,0). Hard and brittle right 
rhombic (trimetrie) crystals ; inodorous and of slight taste. 
Soluble in II parts cold or 5 parts of boiling water (with slight 
acid reaction), insoluble in absolute alcohol, insoluble in ether, 
soluble in alkalies and acids. By fermentation with accompany- 
ing extractive substances, or with casein, succinate of ammonium 
is formed (sometimes with the intcr\"ening formation of aspartate 
[>f ammonimn). 
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CAKTHAninix^vunEBix. 153 

148. CAlfTHAEIDIN. C^H„0,. A colorless, odorless 
solid, crystal 11 zing in rhombic tables or iii needles, not Tolatile 
at 40° C, slightly volatile with water at 100° C, fusing and 
subliming itt about 300° C. It acts as a vesicant on the skin. 
Insoluble in cold or warm water, sparingly soluble in aleohol, 
moderately soluble in ether, freely soluble in chloroforai and 
benzole, soluble ia oil of turpentine and in olive oil. Cautharidin 
lias the relation of an acid of very weak power. Its potassium 
compound ia soluble in 25 parts cold or 12 parts boiling water, 
in 3,300 parts cold or 110 parts boiling alcohol, insoluble in ether 
and chloroform. The barium cantharidate is insoluble in water 
and alcohol, as well as in other and chloroform. — Cantbaridin 
separations may be effected, first, by solution in aqueous potassa ; 
then, after acidulating witli sulphuric or phosphoric acid, by 
solution in dilorofoiiii. 

149. CATHAETIC ACID (of s on na-l caves). Cathaetin. 
— An amorphous browu to black solid, soluble in aqueous 
alkalies and precipitated from this solution by acids. In its 
natural condition, partly combined with calcium and magnesium, 
it is soluble in water and insoluble in alcohol. Boiling dilute 
aoids, ill alcoholic solution, convert it — as a glucoside — into 
glucose and cathartogenic acid, a brown-yellow powder, insoluble 
in. w-ater, alcohol, and ether. 

160. COLUMBIW. C„H,,0,. Colombo bittcr.^A color- 
loss solid, crystallizing iu trimetrie prisms, neutral, inodorous, 
and extremely bitter. It is sparingly soluble in cold water, 
alcohol and ether; more freely in aqueous potassa, being pi-eci- 
pitated from the alkaline solution by addition of acids.— Strong 
sulphaiio acid dissolves it with orange color, changing to deep 
rod, and the addition of water to this solution causes a brown, 
flaky precipitate. 

151. CUBEBIN". C„H,p,. A wliito solid, crystallizing 
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li.4 ilI.VCOt;U>ES A.\JJ OriSKll NJiUTllAS. SOI.lliS. 

in small needles, melting at 130° C, inodorous, and tasteless. 
Slightly soluble iu water and in cold alcohol, more soluble in 
boiling alcohol, soluble in 2S parts of ether and in acetic acid. 
It is precipitated from alcoholic solution by potassa. Concen- 
trated sulphuric acid colora it bright red, soon changing to 



162. EIiATEHlH". A colorless solid, crystallizing in hexa- 
gonal tables, fusible ; insoluble in water, freely soluble in alcohol, 
sparingly soluble in other. Precipitated from alcoholic solution 
by acetate of lead and nitrate of silver. Soluble in sulphuric 
acid as a rod liquid, giving a brown precipitate on dilution 
w-ith wafer, 

153. FEAXICf. (C„H,,O„),H,0. A white solid, crys- 
tallizing in tufts of needles or i-ight-rhombic prisms, of a slight 
acid reaction, inodorous, slightly bitter and astringent to the 
taste. It melts at 320" C, to a red liquid, solidifying amorphous, 
and dissolving in water with an orange color. At a higher heat 
it yields a crystalline sublimate, the aqueous solution of which, 
with ammonia, shows a yellow fluorescence. Sparingly soluble 
in cold, freely in hot water, moderately soluble in alcohol, slightly 
soluble in ether. The dilute aqueous solution has a blue or 
blue-green fluorescence, favored by alkalies but prevented by 
acids. The alcoholic solution is likewise fluorescent. It is 
turned yellow by fixed tJkalies in aqueous solution, or by vapor 
of aminonia acting on the crystals ; in aqueous solution ferric 
chloride causes a green color, followed by a yellow precipitate. 
Acetate of lead gives a yellow precipitate. BoiliBg dilute acids 
resclve it (as a glucoside) into fraxetin and glucose. Fraxetin, 
with strong nitric aoid, shows successively dark violet, garnet- 
red, i-ose-red, and yellow colors, then becoming colorless. 

154. IiACTUCIlT. A yellowish, fusible, bitter solid; crys- 
tallizablc iu rhombic plates ; soluble in 80 parts of cold water, 
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raoderatoly soluble in nlcohol, sparingly soluble in etiier soluble 
in ncetic acid. Strong sulphuric acid turns it biown 

lEB. PHLOEIDZIH". C„H,.0 „ CrjstallizPs m silky 
neodJes or tufts, sligbtly bitter. Soluble m nat«i spaim^ly 
■when cold but freely when hot; soluble in ilcohcl and methjlio 
alcohol ; insoluble in ether ; soluble m aLfueons alkalies Dry 
phloridzin, treated with ammonia gas on standing m the air, 
becomes, successively, orange, red, and bhe (foimation ot phlo- 
rizein). Strong sulplmrio a«id colors it rel Dilute sulphuric 
noid, by prolonged contact, changes phloiidzin to glucose and 
phloretin. The latter is an easily oxidizable substance dissolv- 
ing in ammonia, the solution soon depositinif \cIIov staks 

156. POPULIN. C,„H,,0,, A C lorle^s sohl cf a sweet 
taste, crystallizing in silky needles (with 2H,0) which become 
anhydrous at 100° C. and melt at 180° C Populm dissohes in 
2,000 parts of cold or 70 parts of boiling water in about 100 
parts of absolute alcohol, scai-cely at ail in ethei freely in mode- 
rately dilute acids, also in alkalies. It is jiecipitated iiom its 
acid solutions by alkalies, from its aikalmi, soluti w bj acils, 
and from its water solution by common salt. With concentrated 
sulphuric acid it forms a deep-red solution, from which water 
precipitates a red .powder, soluble in water not acidulated but 
reprecipitated by acids. Frijhde's reagent colors populin violet. 
Boiling dilute mineral acids convert populin, as a glueoside, into 
benzoic acid, saligenin, and glucose. Boiling with hydrato of 
calcium resolves populin into benzoic acid and salicin, 

157. QTTASSIIT. CjjHjjO,. A colorless, inodorous, ,ind 
very bitter solid, crystallizing in opaque, white, columnar prisms, 
melting when heated. It is soluble in abont 200 parts of water 
of medium temperature; freely soluble in alcohol, slightly solu- 
ble in ether. Cold concentrated sulphuric acid dissolves it as a 
eolorles,s liquid, from which water precipitates it unchanged. 
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150 'jLi:vosn>i:s axd other .ylttilil soijdh. 

Tannic acid precipitates it, b"th from aqueous and alcoholic solu. 
tions, but lead salts and mercuric chloride do not affect it. It 
docs not reduce ammouio nitrate of silver. 

158. SAESAPAEILLIH". A colorless solid, crystallizable 
in needles ; soluble in water and in alcohol, soluble in ether and 
in volatile oils. The solutions froth when shaken. Strong 
sulphuric acid dissolves it with deep red color, changing to 
violet and finally to vliIIow. Fivsm this solution water precipi- 
tates it unaltered. 

169. TAEAXACnff. Crystallizes in warty masses, of a 
pleasant bitter taste, fusible, and soluble in water, alcohol, ether, 
and in concentrated acids. 

160. VANILrjH". C,„H,0,. Crystallizes in long, colorless, 
four-sided prisms, melting at 76° C, {or 82° C), distilling with 
vapor of water, and subliming in part at 150° C. It is neutral 
in reaction, and has the characteristic odor of vanilla. It is 
nearly insoluble in cold, moderately soluble in hot water, freely 
soluble in alcohol, ether, and volatile oils. It dissolves in strong 
sulphuric acid and in potassa. 

161. Separation of the Glucosides and Neutral Com- 
pounds — described in 144-160 — by Water, Alcohol, Ether, and 
Aqueous Alkalies (recapitulation) ; 

a. Water dissolves Absinthin (sparingly), Aloln (hot, spar- 
ingly)j Amygdalin, Asparagin, Cathartin, Columbin (sparingly), 
Cubebin (slightly), Fraxin, Lactucln, Phloridzin, Populin (spar- 
iugly), Quassin (sparingly), Sarsaparillio, Taraxacin, Vanillin 
(slightly). — Water does not dissolve Cantharidin, Cubebin (ex- 
cept slight portions), Elaterin, Vanillin (except slight portions). 

b. Alcohol dissolves Absinthin, Aloin, Amygdalin, Cantha- 
ridin (sparingly), Colombin (sparingly), Cubebin (sparingly), 
Elaterin, Fraxin, Laetucin, Phlorldzia, Populin (sparingly), 
Quassin, Sareaparillin, Taraxacin, Vanillin. — Alcohol docs not 
dissolve Asparagin, Cathartin. 
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c. Ether dissolves A.bsiiithin, Aloin (sparingly), Cantharidm, 
Cubebin, Elateriii (sparingly), Laetucin (sparingly), Sarsapa- 
rillin, Taraxacin, Vanillin. — Ether does noi dissolve Amygdalin, 
Aspavagin, Fraxin (except slight portions), Phloridzin, Populin, 
Quassin (except slight portions). 

cl Ac[iieou8 alkalies dissolve Absinthin, Aloin, Asparagin, 
Cathartin, Colbmbin, Phloridzin, Populin, Vanillin ; do not 
dissolve Cubebin. 

[For Dragendorffi's elaborate process for separation and identifiGation of 
Poreigtt Bittevs in Beer, see Arch. Piiarm. (3), iii., a95 ; iv., S89 ; or Jonr. 
Cbeni. Soe., 1874, p. 818; or Preecott's Exam. Alcoholic Liquors, K, Y., 1974.] 



NITROGENOUS NEUTRAL BODIES. 

162. AliBTTSLESOIDS. Varietiesof Albumen, Fibrin, and 
Casein. — Characterised as infusible, non-volatile, amorphous 
Solids, neutral in reaction and indifferent to combination; in 
natural condition, soluble in water containing alkalies or contain- 
ing certain salts of alkalies ; rendered insoluble in water ty acids, 
and generally by heat in absence 'of diasolving agents, and by 
salts of certain heavy nielals. Farther, they give a reaction for 
nitrogen (a), and color-testa with strong hydrochloric acid (ft), 
and with mercuric nitrate in nitric acid (c), and act as reduciBg 
agents (d). — Albumenoids are distinguished and partly s^taratea 
from Gelatin, Gums, and Dextrin, by their coagulation witk 
heat or with mineral acids ; they are separated from starch by 
dissolving in solution of alkali too dilute to affect the starch 
(.CO 178,/). 

0. Mix the well-dried substance with dry soda-lune, intro- 
duce into a hard-glasa long-necked matrass (or long and narrow 
test-tube), place a slip of red litmus-paper in the mouth, and 
heat, gradually, to incipient carbonization. Production of am- 
monia (this base being absent in the siibstance) indicates a nitro- 
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genous orgiiiile body. — Albimieiioiils, on boiling with potassa 
BOlation, yield ammonia ; a farther quantity being obtained by 
adding permanganate (Wakklyn). 

6. Strongest hydrooMoric acid dissolves albumenoids to a 
yellowish color, which becomes blue or violet by exposure to 
the tiir. 

c. Acid laeroarie nitrate solution — prepared by dissolving 
one part of mercury in two parts of nitric acid of spec, grav, 1,43 
— on digestion with solid albumenoids, at 60° to 100° C, (140° 
to 313° F.), gives a deep red color. If the substance tested is in 
solution, it should be concentrated, and used in such small pro- 
portion that the reagent is not much diluted. 

d. Alkaline cuptio solatioB is turned violet by albvmienoids, 
and on warming the cuprous oxide is quickly reduced. Solution 
of permanganate is also reduced by albumenoids. 

Under the Microscope, albumenoids are turned yellow by 
iodine, and purple-violet by sulphuric acid with sugar. 

163. OvALBiTMEN. Soluble in water with some turbidity 
and suspension of skinny particles ; this solution being rendered 
nearly clear by alkalies or alkaline carbonates or common salt, — 
Chemically neutral water solutions are coagulated by heating to 
a very little above 63° C. (145° F.) ; by alcohol, carbolic acid, 
and creosote ; by other (but not completely), by nitric acid 
(quickly and completely), by hydrochloric acid (slowly redissolv- 
ingwhentheaeiJis strong), and by sulphuric acid (slowly). Salts 
of silver, meroury, etc., coagulate it; also alum. Acetic and 
tribasic phosphoric acids do not coagulate it, but (by neutraliz- 
ing the natural alkali) they render its pure water solution still 
more turbid. Tannic acid coagulates it quickly. — Strong potassa, 
or soda, gelatinizes albumen. 

Jibr weighing, albumen is precipitated from sJigbtly acidu- 
lated solutions by boiling, washed with water, and dried first 
below 50° C. (123° P.), then at 100" C. (So treated, it is not 
i-endered insoluble.) 

164. Skkalbumbn. Dissolves in watjsr with some turbidity. 
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Goagviated at 75° C, (167° 1",), or, in presence of iUkuline salts, 
at u higher temperature, while in presence of acetic acid a lower 
temperature suffices. Coagulated by dilute mineral aoida, slowly 
or if heated quickly ; redissolved by strong nitric acid and 
(readily) by hydrochloric acid. Coagulated by alcohol; not by 
ether (distinction from Ovalbnmen), — Coagulated by salts of 
mercury and silver, — Aqueous alkaliC'S dissolve coagulated serai- 
bum en. 

leS. Casein. In natural condition, dissolved clear by water, 
Coagidated by rennet (separation from milk albumen) ; by 
moderately dilute aeetie acid (separation from ovalbumeu, serai- 
bumen, milk albumen) ; by ether and by mineral acids and mer- 
curic chloride. Not co!^ulated by dilute alcohol or by boiling 
(separation fi-om seralbumen and from ovalbnmen). Alkalies 
and strong acids, even strong acetic acid, dissolve coagulated 
casein. [Farther, see Phar. Jour,, 1874, Sept. 5, p. 188,] 

166. Milk Albumen. (0.3 to 0.5 percent, of healthy cows' 
milk ; found as high as 8 to 10 per cent, in diseased milk and in 
tbe colostrum,) — Not coagulated by rennet, but coagulated by 
boiling, after the slightest acidulation with acetic acid (two means 
of separation from Casein). Coagulated by mineral acids and 
salts of heavy metals ; the coagulum being soluble in alkalies. 

167. Determination of Casein and Albumen in Milk, — 
a. Take 50 grams of milk, add an equal quantity of water, add 
renneV^5iet aside at 40° to 50° C. Gather the precipitate (the 
casein with most of the fats) in a tared filter, wash with water, 
then with alcohol, then with other thoroughly, dry at 110° C, 
and weigh as Casein. — ^To the filtrate from the curd (ami first 
water washings), add 4 or 5 drops of acetic a«id and boil. 
Gather the coagulum in a tai-ed filter, wash with water, dry at 
110° C, and weigh as Albumen, — (The filtrate from the curd of 
albumen is saved for determination of the Sugar, according to 
187, I. This filtrate contains a minute proportion of an albume- 
noid called Lacto-proteiii, which is coagulated by mercuric nitrate 
— not by nitric acid.) 
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168. Quantitative Analysis of Milk. 

(1) Dotemiine the Total Solids, as directed in 64, />. 

(2) Determine the Fata, as directed in 64, b (or a). 

(3) Determine the Casein and Albumen, as directed in 107, 

(4) Determine the Sugar, from the filtrate of 167, according 
to 187, L 

(5) Determine the Salts (soluble and insoluble in water). 
Evaporate 20 grams in a tared dish, with a tared small glass rod, 
ignite to whiteness (by triturating) ; weigh, then extract with 
water and dry and weigh the residue. 

169. Commeroiftl Examinations of Milk usually require, 
more especially, the following operations : 

(!) Find the volume per cent, of cream. (Or use i latto- 
seope — 64, c.) 

(2) Take the specific gravity, and coiisidei the leiatiou 
between this and the amount of cream. Skimmed milk lia& i 
specific gravity about 0.004 greater than entiie milk (fiom 
Chandler's averages.) 

(3) For mo a t d ti f I t] VI nmm fat% as 
directed in (1) and (2) f 16S Tl Id t fat " is neaily 
the same proport nttl nlkldff tco vs — also, of the 
whole milk, the k n n Ik a d th a al ke (Wanklyn). 
Hence, variation n thi ^ a t tj d at ph tication. 

(4) Examin h th m 1 (P ^ of colostrum 
globules usually coinciding with excess of ylbumen), and test 
for impurities in general. 

170. GELATIN. (Isinglass, Glue, " Gelatin.") An infusible, 
non-volatilc, amoi-phous, horay solid; colorless to yellowish, 
translucent, brittle, odorless, and tasteless. — Cliaracte}Hze4 as a 
neutral and inditferent substance, evolving ammonia freely 
when heated dry with soda-lime or when boiled with potassa 
solution and permanganate (see Albumenoids, 162, a), and 
existing in a soluble and an insoluble condition. — Its soluble 
form cUssolvex very slowly and slightly in cold water, gradually 
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ai 1 c n ]1 teU m boiling watci the solution if not \erv dilute 
c i^eal 1, II to a tremulous jellj like maso when cu\<X {dwtinc 
tion fioni ^.Ibumeuoids which are coagulated by boihng) — 
(jtlatin solution IS coat^ti^ffta/ bi alcohol bymercuiio chloude, 
W chloime gas and espec ally by tamiie a«id (fjimation ot 
Inathei) (the last n separation fiom Gum arable anj Dextrin) 
1 1 di'tinction and aepaiaticn //om ilbumeiuuh it is not pie 
Q\ tatel bj nitiic hydiochloric ci &uljhuiic acid» oi by salts 
f 'ad\ei copper lead iron or aluminum In not being precipi 
tated by basic acetate jf lead it is sepaiated horn Dettrin 
s luble starch starch paste and Gums — Gelatin solution dis 
t. l\£-5 the locent cupiic hydrate as fDrmuJ m cupnc sulphate 
lution by excess of potissa turning the color to diilt Mokt 
\ 1 ich on w lining becomes lod without precipitation ot cup-ous 
h_ Irate It ptomptly rediccs permanganate '.olution 

100 parts of gelatin, as dried at ISO** C, by precipitation 
with tannic acid, yield about 135 parts of leather precipitate. 

171. LEATHER yields its tanuie acid to boiling dilute 
.ilcohol, the gelatiu remaining coagulated. The dried and finely- 
rasped 'leather is first fi'ced from oils and resins by digestion with 
ether ft'ee from alcohol, along with water. Untanned gelatin 
may be detected in leather, by the translnoenee of thin sliavings 
(of the central portion), and by yielding a solution of gelatin 
when long macerated with water at about 90° C. 



CARBOIIYDUATKS. 

172. GUMS. Mostly C,H„0, (as an anhydride) in com- 
bination with alkaline-earthy bases or with water. Characterized 
as infusible and non- volatile, amorphous substances, destitute of 
nitrogen, more or loss perfectly soluble in water, insoluble in 
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absolute alcohol, ethei', benzole, etc. ; precipitated by subacctate 
of leac! ; and not readily transformed to glucose by boiling with 
dilute acids (a distinction from Dextrin and from Starch). 

173. Gum Arabic. Gum Acacia. Arabin, or Arabatea of 
calcium, magnesium, potassium, etc.— Soluble (by digestion) in 
2 pai-fcs of water, forming a syrupy liquid of spec. grav. 1.13, 
which mixes clear with 2^ times its volume of 35 per cent, 
alcohol. Soluble in 20 to 25 parts of 45 per cent, alcohol. If 
acidulated {with mineral or acetic acids), arabie acid being 
liberated, it is much less soluble in dilute alcohol, i.e- requires 
for solution alcohol more dilute. 

Gum arable, is characterized by a white precipitate by sub- 
acetate of lead or ammoniacal acetate of lead, in very dilute solu- 
tions ; by giving (with oxalate) the reactions of calcium (distinc- 
tion from Dextrin and Starch) ; by forming an almost insoluble 
jolly when in saturated solution it is treated with about Jj 
volume of concentrated solution of ferric chloride, and by pre- 
venting the precipitation of iron salts by alkalies when in dilute 
solution (two points of distinction from Dextrin). 

As a reducing agent, fresh solution of gum arabie, with potas- 
sio cupric solution, precipitates the cuprous hydrate after lieating 
to 100° C. (Dextrin effecting this reduction at a gentle heat). 
Stale solution of gum arable generally contains glucose. 

Gum arabie givea/^ssa precipitate with tannic acid {separa- 
tion from Gelatin anif Ovalbumen) ; or with mineral acids 
(separation from Albumenoids); aiid no I'eaotiou with iodine 
(distinotioa from Starch). 

Sulphuric acid, added to its ono-half volume of concentrated 
acacia gum solution, turns it brown to black. Boiling with dilute 
sulphua-ic acid slowly transforms gum acacia (in part) to glucose. 

Ordinary gum arabie, at 90° to 100° C, loses 10 to 15 per 
cent, of moisture ; above 100° C.j it is so altered as to be imper- 
fectly soluble. 

174. GiTM Traoacanth is only in small part directly soluble 
in water, in which it swells to a jelly ; the greater part dissolving 
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hy long boiling. Tho solution so formed consists chiefly of 
Aratin, with a very little Glucose, and gives reactions for these 
substances, according to- their proportion. Boiling with dilute 
sulphuric or hydrochloric acid dissolves the gum more rapidly 
than with water, producuig a iittle larger proportion of glucose. 
— The residue not soluble in pure water contains starch, and is 
colored blue by iodino. 

175. BEXTBIN. British Gum. C,H,„0,.— A yellow-white 
to colorless amorphous solid ; tasteless and odorless. It ia 
soluble in about one part of water, to a syrupy aeiai-liquid, 
which is miscible with 1^ volumes of 60 per cgixt. . alcohol or. 
with 3 volumes of 50 per cent, alcohol. /It is insoluble ia 90 per 
cent, alcohol, sufficient of which precipitates it from solutions not 
too dilute; and insoluble in ether, chloroform, bisulphide of 
carbon, etc, — Commercial dextrin almost always contains glu- 
cose ; frequently contains "soluble starch" (15 per cent, of which 
is lield not objectionable) ; and is sometimes brown from pre- 
sence of caramel. 

Concentrated sulplmrio acid dissohes dry dextrin, without 
color in the cold but with blackening when w aimed, — Subacetate 
or ommoniacal acetate of lead pieeipitates dextrin from very 
dilute solutions (in cold and dilute solution, a distinction from 
Glucose). — Pure doxtim (fiee fiom glucose) reduces potaBSio 
oupric sulphate at 80° to 90° C It does not reduce boiling 
solution of cuprio acetate (distinction from Glucose). — Pure dex- 
trin is not colored by iodine (disticction from Starch and *' solu- 
ble starch ") ; nor precipitated by tannic aoid {separation from 
Starch and soluble starch, Gelatin and 0^ albumen); nor by 
mineral acids (separation fioni ^.Ibumenoids) ; nor by baryta 
water (separation from Soluble Staich) 

Dextrin is dried (over a gljcetmbath) at 110° C, Its preci- 
pitate by subacetate ot lead is Pb C^Hj^O^. 

176. STARCH. Chiefly Cj,B;,,0/, being , in organized body, 
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of many vaweties of structure, nut! containing cellulose in the 
envelopes of the granules. — Varieties of stai-ch are identified by 
their form unJer the microscope (a). Starch in general is 
characterieeii by its relations to solvents (b) ; ita color with 
iodine (c) ; its precipitates with tannic acid, subacetate of leail, 
and baryta (d) ; and its easy ti-ansformation to " soluble starch," 
dextrin, and then glucose (e). — Starch-paste and " soluble starch,*' 
both, are disting^.tished and in part separated from Albumenoids 
by non-precipitation with heat, or with mineral acids (e) ; from 
Gelatin by precipitation with subacetate of lead (d) ; from Gums 
by precipitation with tannic acid, and from Dextrin by precipita- 
tion with tannic a*idorwith baryta water (d). The complete 
separation of starch from Albumen, Gelatin, or Gum is effected 
by first changing it to glucose (e) and then washing the latter 
away (from the eoagulum) with strong alcohol. — Starch is sepa- 
rated from Grains or other parts of Plants by water-washing 
(/), and determined directly or as glucose {g). 

a. Tho stareh granules ai-e from -^^^^ to yj^ inch in diame- 
ter, flattened and ovale, with concentric rings (the bordei-s of 
overlapping layers), and mostly with a small eccenti-io nucleus. 
They are characteristic of each variety. 

h. Natural starch is insoluble in water, alcohol, ether, etc. 
Water- at 60' to 75° C. (140° to 167° F.) bursts the granules of 
natural starch ; a small part of which is apparently dissolved, tlie 
larger part remaining suspended in minute particles forming a 
gelatinous semi-solution, while a small portion, consisting of the 
envelopes, i-eodily subsides, the whole being known as Starch- 
paste. Boiling water slowly changes starch-paste to " soluble 
starch'' and to Dextrin. — Caustic potassa solution of 2 or 3 per 
cent, causes stareh to swell to sfareh-paste ; finally forming some 
" soluble starch." — When starch is triturated with two-thirds its 
weight of concentrated salphuric (UJid, in the cold, and left for 
an hour, then washed on a filter with alcohol till free from acid, 
it is transformed into " SokiMe Starch." 

This is a modification of stareh, soluble in cold or hot water 
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to a, syrupy liquid not quite so clear as dextrin ; colored blue to 
violet witli iodine (distinction from Dextrin) ; precipitated by 
alcohol when the latter is as much as 50 per cent, (dextrin re- 
quires stronger alcohol for precipitation) ; precipitated by tannic 
acid and by baryta water (two ways of separating from dextrin) ; 
precipitated by subaeetate of lead (coinciding with dextrin). 

Concerning solution of starch by its transformation into Dex- 
trin and Glucose, see e- 

c. PrGo iodine — in solution with water or alcohol or water 
with iodide, or in vapor — colors starch blue to violet, forming 
the " iodide of starch " (a product of adhesion). The color is 
destroyed by heating (returning when cold), by washing with 
alcohol, and by chlorine, potaasa, hydrosuiphuric a«id, or other 
agents which bring the iodine into chemical combination. 

d. Tannio acid precipitates starch-paste ; the precipitate 
being soluble in excess of the stai'ch, and soluble by heat — sepa- 
rating again wlien cold. Baryta water, and solution of subaeetate 
of lead or ammoniacal solution of acetate of lead, precipitate 
starch-paste (as well as soluble stardi). 

e. vSt-areh is changed to Glucose (through soluble starch and 
dextrin) very quicltly by boiling dilute mineral acids (two to 
three per cent,); very slowly by boiling with water, and quite 
effectually by the conditions of the alcoholic and "saccharine" 
fermentations. 

y. Cereal gi'ains, or otiier parts of plants, are finely pulver- 
ized, and then washed on a hair sieve with cold water, and the 
washings allowed to subside (as in mmiufacture). The starch 
residue may be washed again through a bag of fine linen. The 
residue is then washed on a filter with 45 per cent, alcohol con- 
taining 0.1 per cent, potasaa, then with 60 per cent, alcohol, then 
ivith ether ; and dried, first below 60° C, lastly at 100" to 110° 
C, when it may be weighed, as starch. 

g. Starch may bo determined as Glucose (187, 1); after boil- 
ing mith dibits sulphuric acid (e) and neutralizing. C,!!,,©, : 
aH,,0. : ; 180 ; 162. 
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177. KBCTOUS SUBSTANCES. Vegetable products cor- 
responding in properties to the gelatinolds of the animal king- 
dom. 

178. Pectose. Insoluble in water, alcohol, or ether. Dis- 
solved as Pectin, etc., by long boiling with water, more readily 
with vegetable acids. Hot dilute mineral acids dissolve pectose 
as Pectin, which by longer treatment becomes Metapectin. 
Al&aliea, by hot aqueous digestion, form soluble salts of Meta- 
peetie acid. 

179. Pectin. Neutral ; soluble in cold or hot water ; gela- 
tinized by dilute alcohol and precipitated fay strong alcohol ; 
changed by hot mineral aoids to Metapectic acid ; changed by 
cold dilute alkalies into soluble salts of Pectic acid, by hot and 
strong alkalies into soluble salts of Metapectic acid. 

180. Pbctic Acid. In its moist state, gelatinous. Neutral 
in reaction. Insoluble in cold and scarcely soluble in hot 
water; by boiling water slowly changed to soluble Parapectic 
acid, afterward to Metapectic acid. Pectic acid jelly is hardened 
and parapectic acid solution is precipitJited by alcohol and by 
solution of sng^. Boiling with dilute acids readily converts 
pectic aeid to Metapectic acid. Alkalies, on contact with pectic 
add, form pectatea soluble in water but insoluble in alcohol. 
The pectates of non-alkaline metals are insoluble in water. Boil- 
ing with aqueous alkalies converts pectic acid into soluble aalta 
of Metapectic acid. 

181- Parapbotin is neutral, soluble in water, insoluble in 
alcohoJ, by which its aqueous solution is gelatinized. Boiliiig 
dilute acids convert parapectin into Metapectin, Aqueous 
alkalies, on contact with parapegtin, form soluble salts of Pectic 

182. Parapectic acid is soluble in water (with acid reaction), 
the solution changing into one of Metapectic acid, Parapectic 
acid is precipitated from water solution by strong alcohol. It 
forms soluble salts with the alkalies ; insoluble salts with t!ie 
other metallic bases. 
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183. Metapeotin ia soluble in water (with acid reaction), 
insoluble in alcoliol. Alkalies form with it tiio soluble salta oi' 
Pectie acid. 

184. Mbtapbctic Acid is producible from all pectous sub- 
stances, but produces none of them. It is soluble in water (with 
acid reaction) ; soluble in alcoIlol (separation from all other pec- 
tous substances) ; and forms soluble normal salts with all the basea 
(the non-alkaline salts of other pectous acids being insoluble.) 

Solution of subacetate of lead precipitates all the pectous 
substances (including metapeetic acid). Hot potassio cnprio soln- 
tion is reduced by all the pectous substances. They are but 
slightly or not at all changed to Glucose, by boiling dilute a«ids. 

185. CELLULOSE. (O.H,„Oj)i. Charactei-ized by its 
physical properties and relations to solvents (a) ; by its trans- 
formation into parchment-paper (5), and into dextrin and glucose 
(c), and by its formation of gtin-cottoa {d). It is s^arated irom. 
Starch by its solubility in ammonio cuprlc solution (a), and by 
its insolubility in hot dUute acids. 

a. Pure cellulose is a white, translucent solid ; of specific 
gravity about 1.5; insoluble in water, alcohol, ether, oils, and 
other neutral solvents. It is slowly disintegrated and partly dis- 
solved with decomposition by strong aqueous alkalies. Hot 
dilute mineral aoids scai-cely aifect it ; moderately dilute nitric 
acid changing it to Xyloidin, — Finely divided cellulose slowly 
dissolves in a solution of oxide of copper in strong ammonia; 
being precipitated therefrom unchanged by hydrochloric acid. — 
Pibres of cellulose, superficially softened by sulphuric aeid, or 
by potassa solution, are colored violet to blue by iodine solution, 
and are by this means rendered distinctly visible under the 
microscope. Also, by dipping in a 1 per cent, solution of potas- 
sium iodide and drying, theri immersing in strong sulphuric acid 
and washing with water, cellulose is converted into a blue sub- 
stance, showing red and blue globules ruidcr tlie microscope 
(Tbrrei.1.) . 
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b. Sulphuric aciil of about 1.5 or 1.6 spec, grav., acting for a 
very short time on cellulose (unsized paper), changes its state of 
aggregation so as to form parchment-paper, 

c. Concentrated sulphuric acid, in the cold, slowly dissolves 
(thoroughly dry) cellulose to a colorless syrup, which closely 
resemhles dexti'in. It is, however, colored hlue, or after stand- 
ing some days in the acid, violet to brown, by iodine. The name 
amyloid has been applied to this substance. If it is now, after 
several days' contact of the acid, diluted with 30 or 40] parts of 
water and boiled (wntil a portion is not precipitated by strong 
alcohol), it is wholly convei-ted into glucose. 

d. Nitric acid of spec, grav, 1.5, or a mi.xture of nitrate of 
potassa 2 parts and concentrated sulphuric a<!id 3 parts, at a tem- 
perature below 50° C. (122° F.), converts clean, dry cotton wool 
(finely divided cellulose), by 24 hours' contact, into nitrocellulose. 
This is washed firet with cold water, then with hot water, lastly 
with alcohol and dried at ordinary temperature, 

186. Nitrocellulose, Pyroxylon, or Gun Cotton is the sub- 
stitution of (KO,),., for H,^ in Ci^Hj^O,, — , the lower substi- 
tutions being most soluble in ether, the higher substitutions being 
most explosive. It is more readily soluble in alcoholic thaa in 
pure ether — formation of Collodion. It is not attaclted by dilute 
acids or alltalies : strong sulphuric acid dissolves it slowly, strong 
alkalies dissolve it with decomposition. — The I'esidue from collo- 
dion is unchanged pyroxylon, in a firm and ehistic mass, capable 
of being moulded at about 140° C, 

187. GLUCOSE. CjH„0„.H,0. Grape sugar. StOTch 
sugar. Dextrose, — Characterized by its physical properties and 
solubilities (a) ; its rotation of polarized light (5) ; its reaotiong 
with potassa (c) and, as a reducing agent, with potassio cupric 
solutions (d), cupric acetate (e), ferricyaaido of potassium (/), 
ammonio silver nitrate {g), bismuthio subnitrate (A), and molyb. 
date of ammonium (j). It precipitates aramoniaoal acetate of 
lead (^'j, and reacts with staimic chloride and cobaltoiis hydrate 
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(A). — M-om Sucrose, it is distinguislied by a stronger reducing 
power id, e, f, g, i), hy not blackening with concentrated sul- 
phuric acid (189, o), but turning brown with potassa solution (c). 
— M-om Zaotose, it is distinguished by stronger reducing power 
(e, ij, less soluble precipitate with ammoniafial acetate of lead 
(j), and by not blackening with concentrated sulphuric acid, — 
From JFHictose, it is separated by crystallization, and distin- 
gxtisMcl by contrary rotation (5). — It ia separated from Dextrin, 
Soluble Starch, Gums, the Peotous substances save metapectie 
acid, Gelatin, and Aibumenoids, by solution in 90 per cent, 
alcohol {a) ; from Fats, etc., by insolubility in ether. — It is 
determined by the volumetric solution of potassio cupric salt 
(^), or by the poiariscope (5), or by fermentation (in). 

a. Glucose crystallises, with some difficulty, in waity or 
caul'flo ver-like masses, hydrated; but from strong alcohol, in 
a h dro 9 needles. . At 60° C, the hydrate becomes an anhy- 
d ou lite powder; at 100° C, the hydrate meUs to n trans- 
] a e t oass ; but the anhydrous glucose melts at 130" C For 
wetghiTij, it should be well dried at 60° C then at 110° C. 
{ tho t melting), — Glucose ia soluble in a little more than one 
part of cold water; a saturated solution haiing a spec grav, 
1.206 and containing 45 per cent, of anhydrous glucose Dilute 
alcohol dissolves it freely ; 100 parts of 90 per cent alcohol dis- 
solve 2 parts in the cold, 20 parts with boiling, m cold, absolute 
alcohol it is scarcely at all soluble. Insoluble m ether, chloro- 
form, oils ; soluble in 60 parts hot amylic aknhol , soluble in 
methylic alcohol. 

5. Anhydrous glucose has a specific rotatory po'.i'cr of 55° 
(Pasteur) to the right. 

c. Fottisaa, or milk of lime, ivhcn warmed in solution of 
glucose, causesxa'Teddish-yellow to brown color with deposition 
of a humiis-liRfe substance (distinction from Sucrose), 

d. The test for reduction of citprio hydrate to cuprous 
hydrate in presence of alkali may bo made by adding a drop or 
two of cuprio sulphate solution and then an excess of potassa, or 
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by uso of enough of the standard solution specified in k to tinge 
the test-liquid bluish. At a gentle heat (short of boiling) glu- 
coae throws down the brownish-yellow precipitate of cuprous 
hydrate, changed by boiling to a bi-ownish-red precipitate of 
cuprous oxide. Without heat, the reduction occurs after standing 
some time. (Compare Sucrose, h.) 

c. Solution of cnprio acetate is reduced by glucose on boil- 
iug (distinction from Sucrose and from Lactose — the latter effect- 
ing a slight reduction after long boiling). 

/. Ferricyanide, of potaBsium (1 part) in solution with 
potassa (^ part), at 80° to 100° C, is reduced by glucose to ferro- 
cyanide. The reduction is shown by loss of color, and by a 
blue precipitate with ferric salt, (Distinction from Sucrose and 
ft'om Dextrin.) 

' ff. Boiling solution of glucose separates silver (black) from 
nitrate of fdlver ; more readily blackens the recent oxide of 
silver, and gives a dirty gray precipitate in solution of ammonio 
nitrate of silver (the latter a moans of distinction from Sucrose). 

h. Basic bismuthic nitrate, with carbonate of sodium, is 
reduced by boiling solution of glucose; with precipitation of bia- 
muthous oxide as a dark gray sediment. 

i. Solution of molybdate of ammonium, at boiling heat, is 
reduced by glucose, with formation of the blue molybdic molyb- 
date (distinction from Sucrose, Lactose, and Dextrin). 

y. Ammoniacal acetate of lead solution is precipitated by 
addition of concentrated solutions of glucose, the precipitate dis- 
solving in excess of glucose solution, but appearing again on 
boiling in solutions not too dilute and remaining when cold. 

k. Stannic chloride blackens when warmed with glucose, — 
Nitrate of cobalt in concentrated solution of glucose is not 
colored by addition of solid potaasa and boiling (with pure 
Sucrose a violet-blue precipitate is obtained). 

Quautitative. — I. Glucose is determined iu its reduction of 
copper by use of a standard solution made as follows : 34.64 
grams pure crystallized cupric sulphate dissolved in 200 c.c. 
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water, with 150 grams Hewt riU-pot aaeie^aytgale in about 500 o.o. 
of a 10 per cent, solution of soda (sp. gr. 1.14), the mixture 
diluted to 1 litre, 1 c.c. is reduced by 0,005 gram of (anhy- 
drous) glucose, or by 0,0067 gram of lactose.* The solution 
must not suffer change by boiling. The addition of about 100 
CO. of pure glycerin (in the litre) prevents decomposition. 

The solution of sitgar is diluted to such a number of times its 
own volume tliat it sliall not be far from 1 per cent, glucose. Then, 
10 c.c. of the blue solution are taken in an evaporating-dish, 40 
or 50 c.c. of water added, and, while boiling, the gi'aded sugar 
solution is added, until no blue color remains (after the precipi- 
tate has subsided or been filtered out). The quantity of sugar 
solution used contains 0.05 grams glucose, or 0.067 grams 
lactose. 

m. Pure sugar may be determined by fermentation, in a 
Will's Fresenius' earbonio acid apparatus, as follows : In the first 
flasit, of about 60 c.c. capacity, place 33.3 grams of the solution 
to be determined, and which is made of 5 to 10 per cent, sti-ength 
of sugar. Add 0.3 gi-am tartaric acid and a small pinch of good 
pressed yeast, dose the first flask (so that gas must pass through 
sulphuric acid in the second flask), and weigh the apparatus. Set 
aside at 30° to 35° C. {86° to 95° F.) for three days ; and weigh 
again. The weight of carbonic anhydride lost, multiplied with 
2.0454, gives the amount of anhydrous glucose, or of crystallized 
lactose, and, if multiplied by 1.0432, the quantity of sucrose. 
The results are not close, 

188. LACTOSE. C^H^O^ (crystallized). Milk Sugar.— 
Characterized by its physical properties {a) ; its reactions as a 
reducing agent (&), and with acids and alkalies (c) ; with ara- 
moniacal acetate of lead and with lime (d) ; and by its formenta- 



* That is, 180 i^rts ot glucose (Cj HiiOs >, or 240 parts of lactose (i of 
Cs HiiOe ), suffice to consume H) parts of oxygen (3x0], reducing I24T parts 
{5 Cu 80i [Hi O] ) of copper salt. And 180 : 1347 : : C : 84.64. 
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tioiis. — It is distinguished from Glucose by ,i somewhat iveaker 
reducing power (5), a more sparing solubility in cold water or 
dilute alcohol (a), and by blackening with eulphurio acid (c) ; 
from Sucrose by greater reducing power (S) and insolubility in 
strong alcohol. It is f?efo)vn8«ef? voliunetrically by the potassio- 
eupric solution (see Glucose, I). 

a. Lactose crystallizes in heuiihedrai trimetric crystals, hard 
and colorless, becoming anhydrous (CjjH,jOjJ at ISO" C, and 
tui-ning brown without melting at 160° C. — It is soluble in 
parts of water at ordinary temperature or 3J- ports hot water, the 
cold saturated solution having a maximum spec. grav. 1,060, and 
is insoluble in cold absolute alcohol and in ether. 

h. The potassiOr-Cuprie solution is reduced by lactose very 
neai-ly as readily as by Glucose (187, d and I) (distinction from 
Sucrose) ; one-third greater quantity being required, however, to 
produce the ' same effect. — Solution of oupric acetate is only 
reduced very slightly and slowly by boiling witli lactose (dis- 
tinction from Glucose). — ^Slolybdate of ammonium solution is 
scarcely changed in a perceptible degree by boiling with lactose 
(distinction from Glucose). — Ammoniaoal nitrate of silver solu- 
tion is reduced by boiling with laotose (distinction from Sucrose). 

c. Concentrated Btdphurio acid blackens lactose, rapidly 
■when warmed (distinction from Glucose). — Potas.sa slowly turns 
lactose solution brown after heating to boiling point (distinction 
from Glucose). 

d. Ammoniaeal acetate of lead solution gives but a slight 
precipitate, soluble in water and not reprecipitated on boiling. 
With milk of lime, not in excess, lactose forma a compound 
soluble in water, insoluble in alcohol. 

189. 8UCEOSE, ^i^^fin- Cane Sugar. Saccharose. — 
OharacUrlzed by its physical properties (a) ; its reactions as a 
reducing agent (5) ; its reactions with alkalies and acids (c), and 
with ammoniacal acetate of lead (<?). From Glucose it is dis- 
tingttisJied as a less powerful reducing agent (5), by blackening 
with sulphuric acid or turning brown with potassa solution (c), 
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and by its reaction with cobalt {e)t It is distinguished fi'oin 
Liuitose by weaker reducing power (h). It is approximately 
separated from Lactose by solution in cold water, luid fully 
separated from Dextrin, Gums, Gelatin, and Albumenoids by 
solution in 90 per cent, alcohol. It is separated from Fats, 
Itesins, etc., by uot dissolving in (nearly absolute) ether. It ia 
determined by volumetric solution of potassio copper salt, after 
being changed to glucose (c, andlST, I), by the speeiiie gravity 
of its pure water solutions, by its specific rotatory power as 
measured in the polariscope, and by fermeatation as directed for 
Gliicose, 187, m. 

a. Suci-oso crystallizes readily in monocUnic (rhomhoidal) 
prisms, generally with hemihedral faces, and' anhydrous. At 
160° C. (330° F.) it melts to a clear liquid which solidifies to 
" barley sugar " ; at about 210° C. (410° F.) Caramel and other 
products are formed. — Sucrose is soluble in about -J part of 
water; scarcely soluble in cold absolute alcohol, insoluble in 
ether, chloroform, benzole, etc, — Sucrose has a specific rotatory 
power of 73,8° to the right. 

5, Fotasslo cuprie solution is at first not at all reduced by 
sucrose on warming, or even on digestion over the water-bath, 
but after boiling 5 or 10 minutes, a slight precipitate of cuprous 
hydrate appears, (distinction from Glucose, Lactose, and Dextrin). 
—Solution of aeeCRte of copper is not reduced by long boiling 
(distinction from Glucose). — Ferricyanide of potassium is not 
I'educed to ferrocyanide by hot solution of sxierose (distinction 
from Glucose). — Stannic cMoride is reduced on warming, and 
chromate with excess of potassa on boiling, with sucrose, (reac- 
tions coinciding with those of Glucose and Lactose). — Ammonia^ 
cal nitrate of silver solution is not reduced, though turned yel- 
lowish, on warming with sucrose (a distinction from Glucose). 
Eeeent oxide of silver with excess of potassa ia blackened on 
boiling with sucrose. — Uolybdate of ammonium (neutral solution) 
is unchanged by sucrose (distinction from Glucose), 

c. Sucrose is not readily colored by warming with solution 
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of potassa {distinction from Glucose). IiimQ forms a soluble 
compound with sucrose, — Concentrated aulphurio aoid blackens 
sucrose on wai'ming, with separation of carbon and evolution of 
sulphurous and formic acids {distinction from Glucose). — Dilute 
tninreal acids (2 to 3 per ceot.), boiled 10 to 15 minutes with 
sucrose, transjmiji it into glucose. The same change is very 
slowly effected by long boiling in water, and with moderate 
rapidity by boiling with dilute vegetable acids. Also by the 
conditions of alcoholic fermentation. 

d. Ammoniacal solution of acetate of lead gives a whit« pre- 
cipitate {PbjOjjH^jOjJ, scarcely soluble in cold but readily 
soluble in hot water. 

e. The blue to violet and rose-red precipitate made by add- 
ing potassa to nitrate of cobalt solution and boiling is scarcely 
altered by presence of sucrose, or held a little more in the 
violet. {In presence of Glucose, the mixture after boiling is 
colorless or brownish, but not violet or blue.) 

CARAMEL. A mixture of three compounds : 
Carameiane — brittle at ordinary temperatures, soft at 100° C, 
odorless and bitter ; deliquescent and very soluble, in 
water, sparingly soluble in alcohol, insoluble in ether. 
Cardmelene — brittle, freely soluble ia water, not deliquescent, 

sparingly soluble in alcohol, insolubWn ether. 
Carameliii — black, shining, and infusible ; having three modifi- 
cations with different and varying solubilities. 
Caramel is precipitated by subacetate of lead solution ; and 
reduces potassLo cupric solution. As generally prepared, cara- 
mel has a characteristic, " burned-sugar " odor. 

leo. MAKIjriTE. C,H„0,. Crystallizes readily from solu- 
tion in thin, four-sided prisma ; melts at 160° C, and at 200° C, 
(392° F.) distils with little decomposition. It dissolves in C or 
8 parts of water of ordmary temperature, in 80 parts of 60 per 
cent, alcohol or 1400 parts of absolute alcohol or smaller quanti- 
ties of boiling alcohol, but is insoluble in ether. — It is not black- 
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eiied by concentrated sulphuric acid, or turned brown by boiling 
with potassa, and it does not reduce the potassio cupvie- sulphate 
solution. It is not subject to the alcoholic feniieiitation. 



ALCOHOLS AND TIIEIH PRODUCTS. 

191. METHYLIC ALCOHOL. CH.O. Heeognkecl by 
its sensible nud physical properties (a) ; its reaction with potassa 
and, as a commercial article, with sulphuric acid (J) ; by solution 
of recent mercuric oxide (c) ; by its reducing power (d), and its 
formation of formic acid (e). It is separated by fraetional dis- 
tillation (/■), It is approximately determined as methyl oxalate 
(g) or as formic a«id (e, and Tormic aexAj or Je). 

a. Pure methylie alcohol ia a colorless liquid, of spec. grav. 
0.800, hoiling at 66° C. (151° P.), and of characteristic taste and 
odor. The commercial article is seldom free from ompyreuma. 
It is miscible in all proportions of wftter, alcohol, and ether, and 
dissolves resins and neai'ly all substances soluble in ethylic 
alcohol. 

J. The addition of potassa, with boiling by the heat of the 
water-bath, causes a brown color in a short time (Etbylic alcohol 
only after a long time). — Ordinary methylie alcohol gives a red 
to red-brown color with concentrated snlphnric acid. 

c. Add (to the distillate /) 2 or 3 drops of very dilute solu- 
tion of meronric chloride, then solution of potassa in excess, 
agitate and warm. If methylie alcohol is present, the mercuric 
oxide will be dissolved. 

d. Methylie alcohol readily decolorizes permanganate of 
potassium solution ; bat does not reduce silver nitrate, or potas- 
sio cupric solution. 

e. Oxidation to formic aoid is eilcctcd by distillation of 3 
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c.c. of tliG liquid oxaminecl, in a retort of 60 c.c. capacity, with 
2 grams of powdered bichromate, 15 c.c. of water, and 25 drops 
of sulphuric acid — digesting fifteen minutes and then distilling 
15 c.c. 

/". In the distillation of methylio alcohol, add a little animal 
charcoal and a little solution of sodie carbonate, and receive the 
distillate at 66= to 76° C. (151° to 169" F.) 

Quantitative. — ff- Place in a retort 55 grama crystallized 
oxalic acid and the mixture of 35 grams of concentrated sul- 
phuric acid and 25 grams of distillate _/, digest for ten hours, and 
distil from au oil bath at 160° to 180° C, as long ns anything 
passes over. The diatiliate consists of oxalic ethers ; methyl 
oxalate being freely soluble in water, while ethyl oxalate is 
nearly insoluble. The distillate is now washed with 25 times 
its volume of water ; the clear solution decanted, digested, in a 
close bottle, with excess of potaasa, the mixture acidulated with 
acetic acid and precipitated with calcium chloride (adding potassic 
acetate). Gather the oxalate of calcium, wash, dry, and ignite 
to carbonate (adding ammonium carbonate and igniting slightly 
again, if necessary). Ca CO, : SOH.O ; : 1 i 0.64. 

182. ETHYUC ALCOHOL. C,H„0. Characterised by 
ite physical and sensible properties (a) ; by the extent of its 
reducing power (5) ; by its foi-mation of iodoform (c) ; of various 
compound ethers {d), and of acetic acid (e). — Separated by 
fractional distillation, solubility in water, and insolubility in 
fixed oils. Separated from methylio alcohol as an oxalic ether 
(191, g), from amylic alcohol by solution in water or by frac- 
tional distillation. — Determined by the specific gravity or by the 
boiling point of its mixtures with water. 

a. A transparent, limpid liijuid, of spec. grav. 0.794, freezhig 
at -95° C. and boiling at 78° C. (173° F.), of an agreeable and 
pungent odor and a sharp and burning taste. It is miscible with 
water, ether, chloroform, benzole, petroleum naphtha, volatile 
oils and castor oil, and dissolves resins and camphors, 
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b. AIcoliol — as a hot liquid or as vipor — slowly redueea 
chromic acid, or a mixtuie ot potassic bichromate aiid sulphuric 
aoid — the alcohol being fiist oxidized to aceti:' acid, (This is m 
common 'vrith aldehyde, icctio acid, formic acid, aiid mauy 
volatile organic hodies.) Permanganate of potassium is but 
slowly reduced by ethylic alcohol — ao that the red tinge of a 
flight iddition of a y^Vir solution is scarcely at all affected for 
leicral inmutes. (Methjlit. alcohol, Pormie a(,id, Aldehyde^ 
ind many othei Yolatilc_oijranie bodjes morp readily reduce the 
peimmgmate ) 

c The production of lodaiorm Jiom akoh 1 is a result (in 
pait) ot tht 1 educing powei at the latter ujon alkaline iodfttc: 

OKHO+CI ~ 5KE+KIO,4-3H,0 
Klb3-f-C,H,0+2l=aEn,+K:CHO,+2H,0 

Take 3 to 5 c.c, of the distillate to be tested, 5 to drops of a 
10 per cent, potasaa solution ; warm to 100" or 120= C. (212° to 
248° F.), and add — of a solution of potassic iodide in five parts 
of water, saturated with iodine — until the liquid is brownish- 
yellow. If, on agitation, the color does not disappear, add one 
or two drops of the potassa solution. If alcohol is present, the 
iodofoi-m appears, sooner or later, in yellow scaly particles. 
With a power of 200 bo 400 diameters, these are seen as hexa- 
gonal stare and rosettes. lodofoi-m is formed also by Acetoir, 
Aldehyde, Acetic ether, Rutyric alcohol, Amylene. Not formed 
by Ether, Amylic Alcohol,- Chi orofoi'm, Chloral, Chloral Hydrate, 
and, accordmg to Liebbk, not formed by Methylic alcohol, 

(7. Sec imder Acetic acid, 40, h, and Butyric acid, 41, ■S. 
(One c.c. of the distillate to be tested is treated with 0.3 to 0.5 
gi'am of dry potassic acetate and 3 or 3 c.c. of sulphuric acid.) 

e. Acetic acid is formed from alcohol by digestion with a 
mixture of bichromate of potassium and dilute tnilphnno acid, or 
of permanganate of potassium and dilute sulphuric acid. Sec 40, 

193. AUJEHYDE. C,Hp. Acetic Aldohydo.—A traiis- 
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parent and eo!ovles3 liquid, of spec. grav. 0.800 at 0° C, distill- 
ing at about 21° C. (70° F.), neutral in reaction, of ft pungent 
and suifocating odor, slightly resembling that of apples. The 
vapor irritates the eyes. — It is miseiblo in all proportions ii'ith 
water, alcohol, and ether, but not with aqueous chloride of cal- 
cium (sepai-atioii from Alcohol), It dissolves sulphur, phos- 
phorus, and iodine. — It promptly reduces ammonlo nitrate of 
silver, forming a specular coating on the glass (distinction from 
Acetic acid. Alcohol, Ether). It burns readily, ■with a blue 
flame. It is blackened by sulplmiic acid. — Potassa solution, 
warmed with aldehyde, colors it brown, with deposition of " alde- 
hyde resin " and formation of acetate and formate (a chai-acter- 
istio test). Ammonia (gas) with aldehyde forms aldehyldate of 
ammonium, a compound of an ammoniacal, terebinth inate odoi-, 
crystallizing (from ether or alcoholic ether) in transparent acute 
rhombohedroiis, melting between 70° and 80° C, and distilling 
at 100° C. It dissolves in water, sparingly in alcohol and ether. 
"With other bases aldehyde acts as a monobasic acid, exchanging 
one atom of its hydrogen. 

194. StJLPHETHYLATES. HC,H,SO,. Ethyl-sulphates. 
— Sulphethylio acid is a limpid, oilyj acid liquid, of spec, grav. 
1.S15, decomposed by heat, evolving ether at 130° to 140° C. 
(206° to 284° F.)— It is soluble in water and alcohol, not in 
cthei". — Its metallic salts are all soluble in water, and ai-e mostly 
soluble in aqueous but not in absolute alcohol, the ammonium 
salt only is soluble in ether. The sulphethylates are gradually 
decomposed in boiling water, Sarium sulphethylate crystal- 
lizes in perm.anent monoclinic prisms, with SH^O which is ex- 
pelled in a vacuum, the anhydrous salt bearing 100° C, without 
change. It dissolves in about one part of water, and in ft larger 
quantity of aqueous alcohol. The sodium salt crystallizes in 
slightly efflorescent hexagonal plates, with H,0, soluble in less 
than one part of water, melting at 86° C. When anhydrous, it 
bears 100° C. without change. 
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105. ETHEH. (C,HJ,0. Recognised by its sensible and 
physical properties (a). /Separated by distillation, or by solu- 
tion (5). 

a. Spec, gmv., at 15° C, 0.713 ; at 17.5° C, 0.7185. Boil- 
ing point, 35° C. (95° F.) Ether of spec. grav. 0.728, and 
boiling at blood heat, has from 5 to 6 per c«nt. of about 90 per 
cent, alcohol ; that of spec, grav, 0.750 has about 25 per cent, 
of 88 per cent, alcohol.— At 17.5° C. (63.5° F.), one part of 
ether dissolves in 12 parts of water, and 85 parts of ether dis- 
solve one part of water. Alcoholic ether is more soluble in 
water ; 

« Ether " of sp. gr. 0.719 to 0.721 dissolves m 12.0 parts water. 
" 0.724 " 0.726 
" 0.729 " 0.731 
" 0.733 " 0.735 
" 0.738 " 0.741 
" 0.743 « 0.746 
" 0.74S " 0.750 

Salts not soluble in ether (as dry potassic carbonate) separate 
it from water almost wholly. Ether is miscible in all propor- 
tions with alcohol, cliloi-oform, benzole, petroleum, naphtha, fixed 
and volatile oils, and dissolves resins, sulphiu-, phosphorus, 
iodine, and ferric, mercuric, and auric chlorides. Tannic add 
does not dissolve or deliquesce in absolute ether, but deliquesces 
ill the "stronger ether" of spec. grav. 0.728. Ether is less 
soluble in glycerin than in water. It mixes with concentrated 
sulphuric Aeid^ the liquid turning brown when warmed. — In the 
air, ether very slowly oxidizes to acetic acid. Its combustibility 
renders it necessary to use strict precautions in the manipulation 
of its vapor. 

b. Ether is approximately separated from alcohol by means 
of glycerin (or water), A test-tube of over 20 c.c. capacity is 
graduated from the point of 10 c.c. contents (marked 0) to the 
point of 20 c.c. contents (marked 10), Ten c.c. of glycerin or 
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water is taken in the tube, then 10 e.c of the ether is added, the 
contents shalten together, the ether allowed to separate, and the 
increase in the lower layer is read off. 

1D6. BITBOtlS ETHER. C^H.NO,. Nitrite of cthjl.— 
C/taracterised by its sensible and physical properties («) and by 
reactions of nitrites. — Estimated, in its alcoholic raixtures, by 
their boiling point (5), and by volumetric trial with pei-mangan- 
ate (e). 

a. Nitrite of ethyl is a yellowish liquid, of spec. grav. 0.947, 
boiling at 16,6° (62° P.), and of an agreeable odor of apples. It 
is soluble in 48 parts of water, in all proportions of alcohol, and 
freely soluble in dilute alcohol. It gradually decomposes ; more 
quickly in contact with water. 

h. " Spirit of nitrous ether," of 5 per cent, nitrite of ethyl, 
boils at 63° C. (145° F.) : the test-tube containing it being im- 
mersed in water of that temperature, and a few fragments of 
broken glass added. 

QuantitatiTe.. — g. 10 grams of the spirit of nitrous ether are 
macerated, with 1.2 to 1.5 grams effused potassa, in a stoppered 
flask, for 13 hours, occasionally agitating. Then pour the mixture 
into a beaker, dilute with an eijual bulk of water, and leave at a 
warm temperature till the oclor of alcohol disappears. Acidulate 
slightly with sulphuric acid, and add, from a burette, a solution 
of potassium permanganate of known strength, until the color 
ceases to be discharged. The number of grams of permanganate 
expended, multiplied by 1,18, eijuals the number of gi'ams of 
ethyl nitrite in the 10 grams of material takett*. 

1B7. CHLOHOI'OHM. CHClj. Identified by its sensible 
and physical properties («) ; its liberation of chlorine when de- 
composed (S), and its production of isonJtril (c). It acts as a 
reducing agent (d^. It is s^arated by washing with concentrated 
Bulphurie acid and with water, and rectification from alkaline 
carbonate, lime, calcium chloride, miimal charcoal (e). It may 
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be estimated from the ehlorldo it gives after tligestlon wiili 
alcohoiio fixed aJitaiics; 

a. Chloroform is a coloiless hqmd, of MSc giai 1 497 (at 
15° C), boiling at 01° C. (142° F ) It ib |ieu{ial m leaction, 
and has an agreeable sweet etheieal odor and burning awett 
taste. It is not readily combustible, but bums with papei with 
a gieen boidered flame Bj standing, especiallj in the light and 
if fiee fiom alcohol, it becomes acid and gnes leactions foi 
chloi ino ind hydrochloric acid — Chloroform vi not miscible 
m Tiater except in ttwes, bB* is soluble in ill pioportions of 
alcohol, ethei, benzole petroleom naphtha, bisulphide of caibon, 
fixed and\olatili il — u t lu muitrated sulphuric acid It 
dissohes sulphui j i [h n I ne, lodofoiin, resiiii, ciout 

chonc, and gutt \ \ i 

J) Chloioform is ■decomjo'ied, with production of chlorine 
and hydrochloric acid, when it is p^issed in lapoi thiough i led 
hot tube; or, with production of chloiide ind foimxte, 'y^hen 
digested with alcoholic solution ot potftssa. (hlowly bj iqueous 
potasaa). (Alcoholic ammonia produces ammonium cyanide and 
chloride — the better with help of potassa.) 

OH C1,+4KH 0=ZK CI-I-K: CH 0„+2H,0 

CHC1,+5NH, =3H-H,C1+H-h/cK 

Also, with production of hydrochloric acid, by nascent Jiydrf^en, 
as evolved by zinc with sulphiii-ic acid diluted with alcohol. — 
The free cblorme is made evident by potassic iodide (and starch), 
and the hydrochloric acid by silver salt. (Neither pure nor alco- 
holic chlorofoi-m affects silver nitrate.) 

c. Chloroform, even in solution with 5,000 parts of alcohol, 
when treated with anilin (or other monamine) and then with 
alcoholic soda, forms an isonitril, recognized by its characteris- 
tic odor (Hoffmann). This test distinguishes chloroform from 
Chlorcethylidene (C^H^ClJ. Iodoform, Bi-omoform, Chloral, etc., 
react in the test, the same as chloroform. 
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(I. Chloroform rgadilj' reduces the hot potassio cuprie solu- 
tion (distinction frojij. eliloi'cethylidene and from alcohol). 

e. ChloroformiS^y" Tae separated from slight mixtures of 
Ether, Alcohol, "Va^^SC., as follows : To 10 parts of the impure 
chloroform, add 2 p^fe of concentrated sulphuric acid, and sliake 
together oceasionally for 24 hours. Remove the upper layer, 
add to it ^ part of (crystalli?ed) carbonate of sodium previously 
dissolved in 1 part of water, agitate and digest (cold) for half an 
hour, then remove the lower layet iind distil it from ^ part of 
freshly-burned lime. — ^DistLtLatiO:^ irom dry calcium chloride 
separates chloroform from alcotol. — To separate from Ethe- 
real Oil (ethyl and ethjlene sulphates), distil from animal 
charcoal. 

198. CHLOHAL HYDRATE', C^1,0.H,0. Charac- 
terized by its sensible and physical pr<^fties {f), and Its forma- 
tion of chloroform ( b) , and of chloralide (c) . It has, with alkalies, 
considerable reducing power (^d). Sefparated from chloral alco- 
holate by its slight solubility in cold chloroform and its greater 
solubility in cold water. — Bstimaied from the amount of chloro- 
form it produces (e). 

a. A friable solid, crystallizing from solvents in transparent 
rhomboidal crystals, or congealing in a white crystalline mass, 
melting at about 60° C. (140° T.) and boiling at 95° C. (203" F.) 
— (the Alcoholate boils at 116° C). It slowly sublimes, in the 
bottle, at ordinary temperatures. It is neutral in reaction, and 
of an aromatic, penetrating, and slightly acrid odor, and bitter, 
caustic taste. Melted in a spoon, over the flame, it does not take 
fire (distinction from the alcoholate). — It is slightly deliquescent, 
readily soluble in 1^ parts of water (the alcoholate dissolves 
sparingly in cold water) ; soluble in alcohol, ether, benzolej 
petroleum naphtha, bisulphide of catbon ; slightly soluble in cold 
chloroform (the alcoholate freely soluble). It forms liquid mix- 
tures with camphor, and with phenicaficid. and a crystalline 
mixture with glycerin. 
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h. Fixed and volatile alkalies, aiid their carbonates, iu solu- 
tion, deoompose chloral hydi'ate— the chloroform subsiding from 
tho milky mixture. 

aHCip-HjO+KHO = CHCl,+KCHO,+Hp 
(100 parts chloral hydrate produciug 72.2 parts of chloroform.) 
(Trichloracetic acid, also decomposed l>y alkalies into chloroform 
and. formate, has an acid reaction, and boils at 195° C.) 

c. Concentrated salphario acid separates, from about an 
equal weight of chloral hy^irate, anhydrous chloral — the latter 
rising to die surface, as a pungent and irritating oily liquid, of 
spec. grav. 1.5. — Chloralide is formed when chloral hydrate (con- 
centrated, if necessary, by distillation front chloride of calcium) 
is heated with about six times its volume of concentrated sulphuric 
aeid, at 125° C, for some time. When cool, the mixture ia 
diluted with six measures of water, and, if carbonized at all, 
extracted with ether. On evaporating the ether the chloralide 
(CjHjCljOj) crystallizes in stellate groups of prisms (or in 
needles) which melt at 116° C. and burn at 200° C. with 
a green-edged flame. — In certain conditions, sulphuric acid 
changes chloral into metachloral (insoluble in water, alcohol, 
or ether). 

(I. Chloral hydrate, in the act of decomposition by ammonia, 
promptly reduces nitrate of Bilver as a specular coating. — 
Aqueous solution of pure chloral hydrate does not within a few 
minut«s perceptibly decolorize the permai^;aiiate of potassium 
solution, and does not at all affect irgentic nitrate. — The potassio 
cupric solution is reduc«d by chloral according to 197, d. 

Quantitative. — e. Take 10 grams of the chloral hydrate, 
dissolve in the least quantitj of iiater and add, in a graduated 
tube holding 20 c.c, ammoma enough to bo a slight excess for 
the absolute chloral hydrate taken according to tho. equation in 5 
(5 C.C. of water of ammonia of spec, grav, 0.90). Stopper tightly 
in the tube, which should be nearly filled by the liquid, and leave 
until the subsident layer no longer increases — four to twelve 
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hours. Tke c.o. of chloroform are multiplied by 1.5 for grams. 
Closer results arc obtained by taking 50 grama chloral hydrate. 

199. lODOPOEM. CHI,. A sulphnr-yellow solid, crye- 
tallizing in hexagonal plates, stars, and rosettes ; melting, at 115° 
to 120° C, with partial vaporization and partial decomposition 
into carbon, hydriodio acid, and iodine. It has a safiron-ljke 
odor, reminding of chloroform and of iodine, and a taste lilce the 
same substances, becoming unpleasantly strong of iodine. — It ia 
soluble in 13,000 parts of water (to which it imparts a slight 
odor and taste), in 80 parts of cold or 12 parts of boiling alcohol 
of 80 per cent., in 20 parts of ether, and soluble in chloroform, 
bisulphide of carbon, fixed and volatile oils. The alcoholic 
solution is atraw-yellow ; the ether solution, gold-yellow ; both 
solutions are neutral, aad have a sweet-ethereal, bui-ning taste and 
iodiue-lilte after-taste. — It is difficultly and imperfectly decom- 
posed by boiling aqueous potassa, but (Wittstein) alcoholic 
potassa decomposes it, forming iodide and formate (see cliloro- 
form, b), 

200. CEOTOH'-CHLOItAL HYDBATS. C,H;c1,0. The 

trichlorinated aldehyde of crotonic acid. — Thin, dazzling- white 
plates, melting at 78° C, volatile in steam at 100° C, boiling at 
163°. It has a sweetish, melon-lilie taste, and its vapor irritates 
the eyes. It is sparingly soluble in cold, freely in hot water, and 
soluble in alcohol and in glycerin. Potassa decomposes it mth 
foi-mation of potassic cldoride and formate and dichlorallylene 
(C^H,C1J. 

201. AMYLIC ALCOHOL. C,H„0. Charaetenze^ by 
its sensible and physical properties {a) ; by its production of red 
sulphamylic aeid (b) ; by its formation of odorous ethers (c). — It 
is separated from alcohol by fractional evaporation or distilla- 
tion, or by adding water and extra^th^ with ether {d) ; from 
water, in the slight proportions miscible, by adding petroleum 
naphtha or benzole, or by adding common salt (e). 
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AMYLIC ALCOHOL. 185 

a. A colorless and transparent liquid, of spee. grav. 0.810, 
boiling at 13^3° C, (270° F.}, and having a ahai'p taste and a 
characteristic, pungent odor. Its vapor excites coughing, a few 
moments after it is inhaled. — It is soluble in about 40 parts of 
water, less soluble in solution of common salt, soluble in all pro- 
portions of alcohol, ether, chloroform, benzole, petroleum naph- 
tha, fixed and volatile oils. It makes a slowly evanescent oil-spot 
upon paper. — It bums with a smoky ilamo. 

5. When two parts of amylic alcohol are digested warm with 
three parts of concentrated snlplmrio acid, sulphamylic acid, or 
amyl sulphuric acid is formed — having a red color and dissolving 
freely in water. 

c. DiatOled or digested hot with concentrated sulphuiio 
acid and potaasic acetate, the odor of " pear-oLL " is developed 
— from foi-mation of amyl acetate. — DistOled or digested with 
sulphuric acid and a little water and bichromate of potassium, 
the apple-odor of valeric aldehyde is first generated, and then the 
peculiar odor of valeric acid (42). 

d. It is separated from,(aqiieous) ethylic alcohol, by adding an 
equal volume of pure ether,- and then to the whole an equal 
volume (or enough) water to cause the ether to separate. The 
Jatter will contain most of the amylic alcohol. Benzole or petro- 
leum naphtha may be used instead^ of ether. 

e. if from 100 c.c. of commercial " fusel-oil " are slowly 
distilled 5 c.c, and thjs be agitated widi a saturated solution of 
common salt, the separation of an oil-layer of 2.5 c.c. or over 
indicates that there is less than 15 per cent, of" proof spirit" in 
the fusel-oil taken, 

203. "FTTSEL-OIL" contains, besides amylic .ilcohol, small 
proportions of Butyric, Valeric, and volatile Fatty Acids, and of 
propylic and butyric alcohols. — In esamiaatiou of spirits for 
fusel-oil, add 2 or 3 c.c. of potassa solution, to about 30 c.c. 
of the material, and evaporate by a gentle heat to dryness. 
Add 5 or 6 c.c. of sulphuric acid and asiLrly m much wat«r : 
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ISO ALOOIIOLIO PRODUCTS- 

when, if the acids in question are present, their odor will ha 
apparent.* 

203. MITBITE OP AMTL. C^Hj^NO,. A liglit-yellow- 
ish liquid, darkening wlien heated, of spec. grav. 0.877, boiliog at 
about 96° C. Its vapor has a reddish-yellow color. Its odor 
( that of ethyl nitrite, — Sulphuric acid (concentrated) 
s it with explosive violence, sometimes with combwa- 
tion. Alcoholic potassa decomposes it quickly, Ibrniing potassic 
nitrite : aqueous potassa decomposes it slowly. 

* Farther, sua Proaoott's Bsammation of Alcoholic Liquors, New 
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151, 156. 
Acaoia, lea. 
AoeUo Acid, 13. S8. 
Acetic Etliar, farmatioa of, SS. 
Acids, 13. 

Separated as lead salts, 59. 
Aconitia, ISS, 138, 185, 187 to 140, 143 

to 144, 1*8, 150. 
Aoonltio Acid, W, SI. 
Acrolein, f ormatioit of, 86. 
Acryiio Acid, formation of, 86. 
Agaric Resin, separated from Gam.- 

boge, 98. 
Separated by Chloroform, IM. 
Albumen, 158. 
Aibumenoids, 13, 15?. 
Alcoliol, 13, 176. 
Alcohols, 175. 
Aldehyd, IB, 177. 
Aldehyds, as Volatile Oils, 104. 
Alkaloids, Fixed, 18. 
Voloaie, 13, 120, 
Allspice Oit~See Pimento Oil. 
Almond OU, 73, 713, 78, 81, 
Almonds, Oil of Bitter— See Bitter 

Almond Oil. 
Aloes Resins, S3, 103. 

Sepatatioa of Gambogefrom, 98, 
Aloin, 151, 166. 

Amber, m, loa 

Amber OU, 107, 108, 109, 111, 114. 

Ammonia, 1*4, 

Ammoniac, 08, 103. 

Amygd^n, 144, 153. 

Amyflc Alcohol, 13, 184. 

Amyl, Nitrite of, ISO. 

Amyloid, 168. 

AnUin, ISO, 140, 143, 146, 148. 

Camponnds, 13, 14. 
Anise Oif 107 to 111, 114. 
Anthracene, 13, 117. 
Arabic Acid, 163. 
Arabin, 163. 
Asparakin, 153, WO. 
Assafe^da,^l(@. 
Atropia, 135, 13S, 135, 137 to 140, 143 

to 144, 147, lie. 150. 
Auric Chloride, aa Reagent for Al- 

taloids, 150. 



Tolu, 103. 
Baronilin 130, 
Bases, Volatile, 190, 
Beech-nut Oil, 73, 75, 81. 
Benzene, 119. 
Benzoin, 94, 103. 
Benzole, 13 IIS. 

Benzoyl Hydride — see Bitter Al- 
mond Oil. 
Berberina, 135, 133, 135 to 1S8, 140, 

143, 143, 145, 147, 149, 151. 
BergamotOiL lOTto 110, US, 114. 
Bitter Almond Oil, 107 to lli 

Artificial— see mtrobenzole. 

Formation of, 63. 
BoheioAcad, 13,36. 
Bone Oil, 76, 81. 
British Oram — see Dextrin. 
Bromated Camphor, 116. 
Brucia, 125, 138, 135, 137 to 140, 143, 

143, 145 to 150. 
Buttei-, 74, 81. 
Butyric Acid, 18, 60, 61. 

Ether, Formation of, 63. 
Butyrin in Butter, 81. 

Cacao Butter, 74. 
Caoodyl, Formation of, 59. 
Caffeina, 126, 137, 128, 135 to 140, 143 

to 145, 148 to ISi). 
Caffetannic Acid, 13, 38, 35. 
Cajeput Oil, 107 to 110, 113, lli 
CalamnBOil,107tollO. 
Calvert's Tests for Fixed Oils, 78. 
Camphor OiL 107. 



Caoutchouc, SS 103. 
Capric Acid, CT, 68. 
Caproic Aeli 67, 68. 
Caprylio Ania, 67. 
Caramel, 173, 174. 
Caramelane, 174. 
Caramelene, 174. 
Caramelin, 174. 

Caraway, Oil of, 107 to 110, 113. 
Carbazotic Acid^sae Nitrophenic 
Acid. 
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Cflrbohydmtea, 13, IGl. 
Carbolic Acid— see Phenic Acid. 
Cai'bon, lutGombmecl, 11. 

Compounds of, 111. 
Cardamon Oil, lOT, lOS. 
Cai-minlcAd3,13,40. 
Carmine — see Carmiaio Acid. 
Casearillft Oil 107, 109, 112. 
Caseiu, 159, 

Castor Oil, IS, 76, 78, 80, 81. 
Cateclm, S4. 

Cateelmio Acid, 13, 38, 34. 
Catechutajmic Acid, 18, S8, 33. 
Cathartic Acid, 153, 156. 
Catbartin — sea Cathartic Acid. 
Celluloae, IS, 167. 
Cepliaalic Acid, 38. 
Cei-oso-oerio oiide, as Reagent, 146. 
Cerotic Acid, 13, 70. 
Cliamomile Oil, lOT, 108, 100. 
CMoi-al Hydrate. 13, 183. 

witli Oil o( Peppermint^ 115. 
Ciiioi-aJide, 1S9. 
Clilorine, ae Heaeent for Alkaloids, 

. im. 

CMoroform, 13, 180. 
Chrysammie Acid, 153. 
Clirysoplianic Acid, 13, 41. 
Chvysopbaue — see Clirysophanic 

Cincliona Bark, reparation, of Acids 

from, 37, 89. 
Cinohonia, ISJ^ 138, 136 to 140, 143, 

143, 145, 149, 150. 
Oinchonidia, 125, 138, 149, 150. 
Cinehotannic Acid — see Quinotaonic 

Cinnamate of Cinnyl, 103. 

Cinnamon Oil, lOT to 110, 113, 114. 

Citric Acid, 18, 18. 

Citric Add, distinguished from Tar- 
taric, 16. 

Cloves, Oil of, lOr to 111. 

CoohiaeaL separation of Carminie 
Add from, 28, 

Cocoa-nut (Gooo-nut) Oil, 80. 

Codeinn, 135, 137, 138, 186 to 138, 140 
to m 146, Wr to 150. 

Cod-liTcr oil, 7EL 77, 78, Sa 81. 

Coffao, separation of Caiffetannic 
Acidfrom, 85. 

CohesioE-figiu'ea of Oils, 74, 105. 

ColcMcia ffiolchidnl, 135, 137, 138, 
135 to 140, 1« to 150. 

Colocynth, separation from (Jam- 
boae, 9H. 

Colocyiithin, 133, m 145. 

Cobmbic Acid— see Oolumbic Acid, 

Colombin, l«i, 151,166. 



Colombo Bitter— see Colombia. 
Colopholic Acid, 96. 
Colophony, 96, 103. 

Separation from Lac, 101. 
Color Hesins, 93. 
Columbic Acid, 13, 30, 
Columbo Koot, separation of Add 

Colza OH, 73. " 

Conia, 133,138, 135 to IBS, 140, 1« to 

145, 149. 
CoaTOlviilic Acid, 100. 
Convolvulin, 100, 103. 

Swaration from Gamboge, 98. 
Convotvuliuol, 100. 
Couvolviilinolic Add, 100. 
Copaiba Oil 107, 108 110, lia 11*. 
Copaiba Resms and Balsam, 96. 
Copaivic Acid, 96. 
Copal, Se, 103. 
Coriander Oil, 107, 113. 
Cotton-seed Oil, 73, 76, 8L 
Creosol, 68. 
Creosote, 13, 1 10. 
Cresylic Acid, separation of Phenio 

from, 48 50. 
Croton Chloral Hydrate, 184. 

Oil, 73, 77. 
Cubebin, 135 to 138, 145, 154, 156. 
Cubeb OIL 107 to 110. 
Cumidin, 130, 
Cummin Oa J07, 108. 
Curarin, 186, 137, 149, 145, 140, 147. 
Cymidin, 13(5. 
Cytisin, 143. 

Damhab^ (Dammaran, etc.), 9S, 103. 
Daphnin, 135, 138, 148. 
DaturiBf—see Atropia, 
Dslphina, m 138, 135 to 138, 141 to 



Dextrotartaric Acid, 13. 
Dialysis of Alkaloids, 131, 134. 
Digitaleic Acid — see Digitalic Add. 
Mgitalic Add, 18, 30. 
Digitalin, 135, 137, 1^ 135 to 139, 141, 

143 to 145, 149, 150. 
Digitoleio Add— see Digitalic Add. 
Din Oil, 107, 111. 
Diatillation, Fractional, 08. 
Dragendorff's Method with Alta- 

loids. 131, 134, 136. 
Dragon's Blood, 97, 103. 

Bl.irDlK, formation of, 75 
Elsoptenea, 104. 
Elatarin, 130, 145, 154, 156, 
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Emetia, I3B, m 135 to 1S8, 

m, 1&, ISO. 
EmuMoiis, formation of, 74. 
Bi^tina, 135, 138, 141, 145. 
Eraeic Acid, 13 70. 



Ether, 13, 179. 
Ethers, Compound, IS. 
Ethylic Alcohol, ne. 
Etlwl Sulphates, 177. 
"■■— '— '-laOil, 107, 109, 1 



fl. 
Hon-Yolatile, 6f 
VolatUe, 67, 
Fats, 72. 
" -nelOi 

da Chiuiiuc, no 
kaloids, 1^. 
Fixed Oils, 73. 
Pormio Acid, IS, 55, 60 75. 



Saturation and Distillation, 66. 
FranldnceiiEe, 103. 
FraxiB, 1B4, 166. 
FrShde's Reagent, 144. 
Fttolisin, 120, 
Fusel-Oil, 1S5. 

Fustic, Beparatioii of Moriutannlc 
Acid from, B5. 

G-VLASfOAL Oil, 107. 
Galbanum OiL 107. 
aafficAoid,13,30. 
Oallotaonic Acid, SS. 
Qamboge, 97. 

Refln of, 97, lOS. 
Gambogie Acid, 13, 41, fl?. 



GenfJEUun — see GenWanic Acid. 

Geatiaii Boot, sepai-ation ol Gen- 
tianic Acid from, 40. 

Gentisic Acid— see Gentianlo Acid. 

Geutisin — see Qeatianic Acid. 

Geranium Oil, 107, liS. 

Glucose, 168. 

Glucosides (witli Alkaloids), ISfi. 

Glue — see Gelatin. 

Qlyoerio Acid, resemblance to Lao- 
tin, an. 

Glyce 



, 18, 85. 
Determined in Boap, 9 



Graham nndHofmanu'sBiathod, 131, 



Guaiacol, 116. 

Guaiac Eesln, Separation from Gam- 
boge, S8, 1(8. 
Guaiacum, 98, 103. 
Gnaiaretin, formation of, 98. 
Gum, 13, 161, 

Arabic, 161. 

Tragaeanth, 163. 
Gum-resins, 03. 
Gun Cotton— see Nitrocellose. 

Baobk's Method witli Volatile OUa, 

m. 

Hazel-nut Oil, 73. 

Hemp Resin, 98, 103. 

Hemp-seed Oil, 73, 77, 80, 81, 

Hespeiidin, 14s. 

Hippurle Add, distinguished from 

Benzoic, 43. 
Hop Oil, 107, 109. 

Hydrastia, 125, 128, 138, 145, U6, 148. 
Hyosoyamia, ISS, 138, 135 to 138, 143, 

144, 145, 148 to 150. 

IGASUMA, 135, 138, 188, 145, 147, 148. 

Incense— see Olibanum, 

Indian Hemp — see Hemp Resin. 

India Rubber — see Caoutchouc. 

Indigo Blue, 99, 103. 

Iodine Soluiiou, as Reagent, 139, 144. 

Iodoform, 13, 177, 184, 

Jalap Hflsins, 09. 
Jalapio Acid, 100. 
Jalapic, 09, 103. 

Separation from Gamboge, 98. 
Jalapiaol, 100. 
Jalapinolic Acid, 100, 
Jasmin Oil, 107. 
Juniper Oils, 107, 108, 109, 113, 114. 

Kimo Acid— see Quiaie Acid. 
Kinotannlc Acid, 83. 
Kinovic Acid-nsee Quinovic Add. 
Kinovin— see Qninovic Add. 
Kuphaiilin, 130. 

Lao (resin), 100, 103. 
Lactic Add, 13, 53. 
Lactoscope, Yogd's, 84. 
Lactose, 111. 
Lactucin, 154, 150. 
Lard, 74, 

In Butter, 83. 

Oil, 73, 76, 78, 80, SI. 
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LaurfcAoid, 13, 70. 

Lavender Oil, 107, lOS, 110, 113, 114. 

Lead Salts of Acids separated, 69. 

Leather, 161. 

Lemon Oil, 107 to 110, 113, 114. 

Limoniu, 145. 

Linoleic Acid, IS, 69. 

Liquid Non-volatile Acid, 53. 

Volatile Acids, 85. 
Liouids, Preliminarv Examination 
oi,12. 



Malic Acid, 13, 33. 
Hannite, 174. 
Mastio, 101, lOS. 
Hasticin, lul. 

Mayer's teste with Volatae Alka- 
loids, 124. 
Meoonlo Acid, IS, 24. 
Meconin, 145. 
MetaoUoral, 1S3, 
Metapectio Acid, IQT. 
Hetapw^, 1S7. 

Metataiustic Acid, as Beagent, 1 41. 
Methylio Alcohol, IS, 174. 
MUk Albumen, 169. 

Commercial Examiuatioii of, 160. 

Determination of Fats in, 84, 
Casein in, 169. 

Qnantiitative Analysis of, 160, 

Sugar — see Lactose. 
Mirbane, Essence of — see Nitrohen- 

Molybdate, aa Beagent, 141. 
Monophenjlainln— see Anilln. 
MorintamUo Acid, 13, SB, 35. 
Morphia, 128 to 128, 136 to 139, HI to 

l3, 147 to 150. 
Mustard Oils, 73. 
Myrlstic Acid, IS, 70. 

Alcohol, 95. 
Myrrh Oil, 107. 

Resin, 101, 103. 

Separation ot, from 63mboge,0S. 

Narobina, 126 to 13S, 133 to 133, 141 

to ISO, 
Narcotiaa, 1S0 to 128, 135 to 138, 140 

to 143, 147 to 149. 
NiootiBj 133, 124, m 135 to 138, 



ioida, i4T. 

Nitrite of Amyl, 1) 

Ethyl, 180. 



Nitrobenaole, 13, 113, ii9. 
Nitrocellulose, 163. 
Nitrogenous Kentral Bodies, 157. 
Nitrophenic acid, 13, 49, &1. 
Nitrous Ether, 180. 
Non-dTTlng Oils, 73, 75. 
Non-TOlatile Alkaloids, 125. 

Fat Acids, BS. 
Nutmeg Oil, 107, 111, 114. 

Obnahthyo Acid, 07, 63. 
Oenantliyiic Acid — sec Oenanthyc 
Oils, Fixed, 13, 73. 

Volatile, 13, 104. 
Oleic Acid, 13, 69. 
Oleo-resins, 93. 
Olibanum (resin), 103. 
Olive Oil, 73, 76, 77, 80, 81. 
Ononin, 145. 

Opiania, 126, 127, 129, 143. 
Opianyl — see Meconin. 
Opium, Separation of Meconic Add 

from, 34, 35. 
Orange Flower Oil, 107, 109, 118. 

Feel Oil, 107, 109, 110, 113, 114. 
Orgajiic Compound^ determined as 

such, 11, 13. 
Origanum Oil, 107. 
Otto-etas' Method -with Allcaloids, 

ISO. 131. 
Ovalbumen, 158. 

Palmitic Acid, 13, 70. 
Papaverina, ISft, 127, 129, ISo to 188, 

14ltol4g, 149, 150. 
Paracumaric Acid, formation of, 93. 
Parapectic Acid, 169. 



Parmeiia Parietlna, Ohrysophanio 

. Acid from, 41. 
Parsley Oil, 107, lOO, 113. 
Patchonlt Oil, 110. 
Paytina, 136, 199, 138, 
Pectic Acid, 166. 
Pectin, 13, 168, 
Pectose, 160. 
Pectous Substances, 166. 
Pelargonio Acid, 67, 68. 
Peppermint Oil, 107, 109, 111, 113, 
114, 115. ''■'"■ 
Pepper Oil, 107, 114. 
Peru Balsam, 103, 103. 
Petroleum Naphtha, 13, 119, 
Phenic Acid, 48. 
Phenol-HSee Phenic Acid. 
Phenylamin — see Anil in. 
Phenylio Alcohol— see Phenic Acid. 
Phenyl Sulphuric Acid— sec Sulpho- 
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139, liO. 
PhysoBtigmia, 136, 139, 135, ISO, 183, 

111 to 1*5, 148, 160. 
Plcramie Acid, 53. 
Piorio Acid, as Reagent, 139. 

Sea nitrophenic Acid. 
Piorotoxin, ISA, 137, 139, 136 to 138, 

146. 
Fimai-ic Acid— see Colopholio Acid. 
Pimento Oil, 107. 
Pinic Acid, in Colophony, 06. 
Piperidiu, 111. 
Plperin, 136, ISB, 1S4, ISO, 1S7, 138, 

lil to 145, 147. 
Platinic Chlorfde, as Reagent for 

Alkaloid^ 148. 
Podophyllum Resin, 103, 103. 
Popire^ed Oil, 73, W, TS, 80. 
Ptmulin, 137, 145, 155 158. 
Poiassio Mercvmo Iodide, os Ro 

agent, ISO. 
Cadmio Iodide, as Roagonb, 141. 
Propylamin — see TrizneUiylaniia. 
Pseudomorphia, 136, 137, 130, 13S, 

143, 14S, 118. 
Pyrogallic Add, 18, 33. 
I^rogalline— Pvrogallol— seo Pyro- 
gallic Add. 
Pyroiyllon-^ee Nitrocellulose. 

Qdassih, 16S, 156. 

Queroitannio Acid, 37, SS. 

Qutnla, 136, 180, )SS to 138, 110 to 

143, 111, 145, 148, 149, 160. 
Quinic Acid, 13, 3G. 
Quinidia, 138, 128, 135, 136, 138, 110, 

111, lis, 116, 119, 151. 
Quinone, Formation of, 37. 
Quinotajinio Add, 13, 38, 33. 
Quinovlc Add, la 38. 
QiiinoTin— see Quinovio Acid. 

Rac&hio Add, 13, 18. 
RiH>M(eedOil,.78, 76, 78, 80, 81. 
Rednified Oils, 105, 115. 
Besina, 18, 92. 

Determined In Soaiis, 00. 
Rceadia, 136, 139, 138. 
Rhubarb, Chryeopbanie Add fi-oiu. 



Saccharose- 



a, 137, 138, 146. 



oauuiu lilt taa, Jint, joi. 

Salicylic Add, 13, 47. 

Sandai-ttc, 103, IM, 

Sanguinarin, 143. 

Snntalic Add, 13, 43. 

SantoUn— see Santalic Acid. 

Santonin, 137. 

Saponiflcatioii, Means of, 75, 

Saponin, 136, 133, 188. 

Sarcolactates, 54. 

Saraapai-iUln, 148, 156. 

Sassafras Oil, 108. 109, 110. 

Saturation, Fractional, &', 

Sayine Oil, 1(«, 109, 114. 

Scammonfn — see Jalttpin. 

Scammony, 103. 

Seat Oil, W. 

Secalin — see TrimetJiylamla. 

Seiiagin, 146. 

Senna Resin, Separation from G-am- 

£ Acids, as Lead Baits, 



Alkaloids from other iuatters,130. 
each other, 156. 
Glucosides, 156. 

Fixed Oils, 85. 

3Son-Tolatile Fat Adds, 71, 

Ee^s, 103. 

Solids from Liquids, 13. 

VolatUe Fat Acids, 68, 68. 

Volatile Oils, 105. 
Seralbumen, 158. 
Sesame Oil, 73, 7& 80, SI. 
Shell Lac, lOL 
Soaps, 13, 87. 
Solaida, 136, 197, 125, ISO, 138, 111 to 

l45, iSr, 1^ 1^1. 
Solids, Preliminary Bxaminntion 

of, H. 
Solid Volatile Adds, 43. 

Non-volatile Acids, 14. 
Soluble Stai-cb, 161. 
Smiladn, ua 
Spermaceti, 74. 
Spearmint Oil, l(ffl, 110. 
Spirit of Nitrous Ether, 180. 
Stardi, 13, 164. 
Starch Sugar — see Glucose. 
Stag and Otto's Method with Alka. 

loids, 130. 
Stearic Add, 13, 70. 
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lil, 



Storaa; Resin, 103. 
Btrychnia, 13a lar, 129, 135, 137, 
140 to 144, 146, 131. 

Teat, 146, 119. 
Styradn, Iffii lOS. 
Snccinic Acid, 4S. 
Sugars, 13, 108. 
Solphuric Add, as Esagent, 
155, 156. 

Saa, also, tinder GlucoBidea. 
Sonflower 011,78,7?. 
Sweet Spiiits of Nitre— seo Spirits 

Nim^}ua Ether. 
Sylvio Acil In Colophony, 96. 
Syringin, 3SS, 14& 

Tallow, 74. 

in Butter, 83, 8S, 
Taamio Acid, 13, 18, 146. 

disHnguislied from Gaelic, 31. 

BS Reagent, 139, 143. 
Tanido Adds, 36. 
Tanoxyllc Acid, 37. 
Tansy Oi], 108, 109, 114. 
Tarasadn, 1S6. 
Tartaric Acid, 13, 14. 
Tea, Blaclc, Separation of Bolieii 

Acid from, 38. 
Thebaina, 138, 13J, 139, 185 to 138 

143, 143, 148, 149, 151. 
Tlieobi-omlna, 137, 139, 136 to 139. 

141, 143, 146. 148, 149, 151. 
Thyme Oil, 103, 109, U4. 
Tolu Balsam, 103. 



Tolnldin, ISO, 181 

Tola Resin, Separation from Gam- 
boge, 98. 

Tragacanth, 163. 

Trlmetbylamia, 123, 134. 

Trinitropheuic Acid — see Nitro- 
pbenio. 

Trommer's Sugar Test, 160. 

UsLAB and Erdmann's Method, 130, 



Valeric Aciii, IB, 60, fes. 

Vanillin, 156. 

Veratria, 137, 139, 185 to 

1«, 146, 148, lei, 
Veratrio Acid, 13, 4T. 
Vogel's Lactoscope, 84. 
Volatile Eases, 130. 
Fat Acids, 67. 

Wau. Lichen— see Panai 
Wabiut OiL 73, 77. 
Wax, Bees-, 74. 
Whale Oil, 73,78. 
Wintergreen Oil, 108, 110. 
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PUBLISHED BY 

D. YAN N08TEAND, 

23 Murray Street & 27 Warren Street, 
NEW YORK. 



Weisbach's Mechanics. 

JTcMJ and Mevised Edition. 
8to. Glotii. $10.00. 
A JMANTJAL OF THE MECHANICS OF ENGINEERING, 
and of the Construction of Machines. Ey JuLins WEissAon, Pn. 
D, Translated from tho fourth augmented and improved Ger- 
man edition, by Eckiet B. Coxe, A.M., Mining Engineer. Vol. 
I, — Thoorefioal Mechanica, 1,100 pages, and 902 wood-out 
illustratioaa. 

ABaTHACT OP COITTBNT9. — Introduction to i!is Calculus — Tho General 
Piinoiplea of Meoliaiiics — Phoronomioa, or tlie Purely Mathematical Theoty 
o£ Motion — Meclianioa, or ttB General Physical Theory of Motion— Statics of 
Rigid Bodies — The Applioatiou of Statics to Elasticity and Strength — Dynam. 
ics of Eigid Bodies— Statics of Fluids— Dynamics of Fluids — The Theory 
of Oscillation, etc. 

" The present edition is an entirely new work, greatly extended and very 
much improved. It forms a teit-tiook which inust find its way into tha hands, 
fvot only of every student, but of every engineer who desires to refresh his mem- 
ory or acqniro clear ideas on doubtful points.'' — Mamifacturep and Builder. 

" TVa hope tho day is not far distant when a thorouffb eonrso of study and 
education as such shall be demanded of the practising engineer, and with this 
view wo sire glad to welcome this translation to our tongue and shores of oao 
c! tho" most 2b\a of l.hc educators oE Europs," — Tha TichnologiKl. 
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2 SCIENTIFIC BOOKS J'UHLISUBI) BY 

Francis' Lo-well Hydraiilics. 

Third Edition. 
■ito. Cloth. $15.00. 
LOWELL HYDEAULIC EXPEKIMBNTS —being a Sebc- 
titin from Experimeuta on Hydi'aulio Motors, ou tho Flow iif 
"Water over "Woira, and in Open Caaala of Uaifonn Eectangular 
Section, made at Lowell, Mass. By J. B. Fkahcis, Civil Euginoor. 
Iliird edition, revised and ealai^ed, including many New Ex- 
periments on Gauging Water in Opea Caaals, and on tlio Elow 
througli Submerged Orifices and Divei^ng Tuboa. With. 23 
coppoiplates, beautifully engraved, and about 100 new pages of 
text. 

Tho "work ia divided iuto parts, Paut I., on liydraulio motors, includeB 
ninety-two oxpeiimentB on an ImpmTed Foiirncyroa Turbine Watar-'Wh.eel, 
of about two hundred horse-power, with rules and tables for the conatruotioii 
of BJinilai- motors ; tliirteen oxperiments on a, model of a centre-TGut iraier- 
wheel of tho most simple dee^i, and thirtj-nina esperimenta on a centre-veut 
water-wheel of about two hundred and thirty horse-power. 

Pakt II. inolndes sereuty-four experimenta made for the purpose of detcr- 
mininff the form, of the formula for computing the flow of water over weira ; 
nine experimenta on the effect of baok-waier on. tiio flow over -weira ; eighfy- 
eight experiments made for the purpose of determining the formula for com- 
puting' the flow over weira of regolite or standard forms, -with several tables 
of comparisons of the new formula with the results obtained by former experi- 
mentei's ; five esperimoafa on the flow over a dam in which tho oreet wiis of tho 
same form oa that bnilt by tlio Easex Company across the Merrimack Eiver a,fc 
LawronoB, MassachnaBtts; twenty-one cxperimeuta on tlio efEecfc of observing 
the depths of water on a weir at diif orout distances from the weir ; an osten- 
Give series of experiments mado for the purposo of determining rules for 
Ijauging streams of trater in open canals, with tables for facilitating tho same ; 
and one hundred and one experiments on the disohargo of water through sub- 
merged orifices and diverging tubes, tho wholo being fully illustrated by 
twonty-throQ double plates engraved on copper. 

In IBoo the proprietors of the Locks and Canals on Merrimack Eiver con- 
sented to the publication of the firat edition of this work, wliich contained a 
selection of the most important hydraulic experiments made at Lowell np to 
tliat time. In tJiia edition tho principal hydraulic experiments made tliere, 
Bubsequent to 1855, have beau added, including the important series above 
mentioned, for determining rules for tho gauging the flow of water in open 
i^nals, and the interaating aoiics on the flow through asubmorgod Venturi'a 
tube, in v-'hich a larger flow waa obtnir.od than any wo fmd rcoordcd. 
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Fraiiois on Cast-iron Pillars. 

3vo. Cloth. $3.00. 
ON THE 8TEENGXH OF CAST-IBGN PILLAE8, with Tables 
for the use of EnginoBrs, Architects, aud Buiklera. By J.imus B. 
EK,iNCi3, Civil Engineer, 



Merrili's Iron Truss Bridges. 

Second Edition. 
4to. Cloth. §r>.oo. 
1E.0N TEU88 BEIDGES FOE EAILEOADS. The Method of 
Calonlating' Sfeaina in Trusses, with a careftil comparison of tho 
most prominent Trusses, in refereuco to economy ia combination, 
etc., etc. By Brevet Colonel "Wiluah: E. Mbkkill, U.S.A., 
Major Corps of Engineers. Nino lithographed plates of illustra- 

" Tho work Iwfore as is aa attempt to giye a basis for Bouad reforra in ttia 
feature of railroad etginceriug, tiy throwi:^ ' addiljoiial liglit upon the 
method of oalcuUting the maxima strains that cau corao upon, auy part of a 
bridge trnsg, and upon the manuec of proportioning' each part, so that it shalL 
be Bs strong relatively to its own etrainB as any other part, and so that tho 
entire bridge may be otrong enough to sustain several times as great strains 
aa the greatest that can ooms upon it in actual use.' "—Soieniifie ATnerkan. 

" The author has presented his views iu a clear aud intelligoat manner, and 
the ingenuity displayed in coloring the figures so as to present certaiu facta 
to the eye forms no inappreoiablo part of the merits of the work. The reduc- 
tion of the 'formuhefor obtaining the strength, volume, and weight of a cast- 
iron pillar under a strain of compression,' will bo very acceptable to those who 
have occasion hereafter to make investigations involving these conditions. As 
a whole, tho work hua been well done." — Baila-oad Oaaeite, CMmgo. 



number's Strains in G-irders. 

]Smo. aoth. $S.50. 
A HA2fDY BOOK EOE THE CALCULATION 03? STEAIN8 
IM" GIRDERS and Similar Struccnres, and their Strength, con- 
Bisting of Eormiilco and Con-espoadlng Diagrams, with iimnei-oua 
details for practical application. By William HiraBEu. FuUy 
illustrated. 
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4 SGIEN-'l'IFJiJ BOOKS PUBLISHED BY 

Shreve on Bridges and Roofs. 

8to, 87 ATood-cut iUustrations. Cloth. ?5,00. 
A TEEATISE 0::T THE STRENGTH OE BEIDGES KST> 
KOOFS — comprising the dotermiitation of Algebraic foriurLlaa 
for Strains in Horizontal, Inclined or Kafter, Triangular, Bow- 
string, Lenticular and otiier Trusses, from fixed and moving 
loads, -witli practical applications and esamplea, for tliQ uso of 
Students and Engineers. By S.^muel H. SnELTi!, A.M., Civil 
Ecgiaeer. 

" Oa the wliole, Mr. Slireve Las produced a, book wJjidi is tlie Einipleat, 
dearest, iind at tlie same time, tlie most aystflmatic and witli tlie best matli- 
oicaticfli reaaouiug of any work upon, the eame subject in tlie ianguage." — 
Railroad Qaxette. 

"From the uuuaually clear language in which Mr. Bhreve has given every 
statement, the student will have but liimaelf to blame It he does uot liecouiti 
thorouglt master of the subject." — London Mining Jownal. 

" Mr. Slirave haa produced a ivork that must always take ItiKh rank us, a 
text-book, » * * and no Bridge Engineer should be without it, as a 
vflJuable work of reference, and one that will frequently nesist him ont of 
ditlionltiea." — WanMin InalUate Jom-iwd. 



Tlie Kansas City Bridge. 

4to. Cloth. $0.00 
"VVITH AN AOCOUKT OF THE EEGIMEN OF THE MIS- 
SOUKI EIVEE, and a description of Ike Metliods used for 
Pounding in that Eiver. By 0. Ohanote, Oliief Engineer, and 
Gboege Mosison, Assistant Engineer. Illustrated with five 
litliograpliio views and twelve plates of plans. 



lUustrcUioiis. 



Views. — View of tha Kansas City 
Bridgo, August 'i, 18GD, Loworiiig 
Caisson No. 1 iuto position. Caisson, 
foe Pier No. 4 brought into position. 
View of Foundation Works, Pior No. 
4 Pier No, I. 

Plates. — L Map showing looation 
of Bridge. II. Watei' Reoord— CcosiS 
Seotion of Biver— Profile of Grossing 
— Pontoon Proteotion. HI. Wa'6~ 



tion Worlo, Pier No. 3. V7. rounda- 
tiou Works, Pier No. 4. V. iFcunda- 
tion Works, Pier No. 4. VI. Caisson 
No. 5— Sheet Piling at Pier No. 6— 
Details of Dredgea — Pile Slioe — Beton 
Bos. VII. Masonry — Draw Protec- 
tion— FalsoWorks between Piora 8 
and 4 Vlil. Floating Derricks, 

IX. General Elevation — 176 feet spim. 

X. 348 foot span. XL Plans of Draw. 



Deadenor — OaiBaon No. S— Founda ] XII. Strain Magrams. 
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Clarke's Q,nincy Bridge. 



DESCETPTXON OF THE IRON EAILWAT Bridge across iho 
Miasisaipjji Eiver at Quincy, Illmois. By Thojias CnEirs Clauke, 
Chief Engineer. Illustrated with twenty-one lithographed. 

JUxiatraiions. 



Plates. — General Plan of Misaia- 
Bippi Eiver at Quincy, atowiag looa- 
tion. of Bridge. Ha. General Saotiona 
of Misaiasippi Biyer at ftuinoy, show- 
ing location of Bridge. Hb. General 
Sections of Miaaiasippi Eirer at Quin- 
cy, allowing location of Bridge. III. 
General Sections of Miadsaippi Eiver 
' "uincy, showing: location oiBridge. 



AiTangemeiitof Panels, eto. TI. Two 
liundred and fifty feet span, and de- 
taila. VII. Three hundred and sixty 
feet Pivot Draw. VIII. Details of 
three Lundred and siity feet Draw. 
IS. loe-BreakerB, Poundations of Piaca 
nod Abutments, "Water Table, and 



OniYO of Defleotiona. X. IFounda- 
tions of Pier S, in Proceaa of Con- 
struction. XI. iPoundations of Pier 
3, and its Protection. XII. Founda- 
tiooa of Pier 3, in Process of Oonatruc- 
tion, and Steam Dredge. XIII. Foun- 
dations of Piers 5 to 18, in Process 
of Oonataiotion. XIV. Talse "Works, 
showing PivMesa of Handling and Set- 
ting Stone. XV. False Works for 
Baising Iron Work o£ Snperstructnre. 
XVI. Steam Dredge used in Poundar 
tions to 18. XVn. Single Backet 
Dredgo nsed in Foundations of Bay 
Piers. XVIU. Saws used for Cut- 
ting Pilea uader water. XIX. Sand 
Pump ona Concrete Bos. XX. Ma- 
sonry Travelling Crane. 



Whipple OIL Bridge Building. 

Svo, ILLustratcd. Cloth. ^i.OO. 

AN ELEMENTARY AND PSACTIOAL TREATISE ON 
EEIDGE BUILDING. An enlarged and improved edition of 
tlie Author's original work. By S. Whipple, C. E., Inventor of 
the "Whipple Bridges, &c. Second Edition. 

The design liaa been to develop from Fundamental Principles a sjratam easy 
of comprehension, and aooh as to enable the attentive reader and student to 
judge underatandingly for himself, as to the relative merita of different plana 
and combinationa, and to adopt for nsa such, as may be most auitable for Uio 
eases he may have to deal with. 

It is hoped tlie work may prove an appropriate Text-Book upon the aubject 
treated of, for the Engineering Student, luid ft. useful mfaiaal for the Praotio- 
ing Engineer and Biidge Builder. 
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aCJEXTIFIG liOOJfS PVJiJJSUBD BY 

Stoney on Strains. 

H&w anil Revised Edition, ivitlt, numerous illustrations. 

Eoyal 8yo, 664 pp. Cloth. $12.50. 

THE THEORY OF STRAINS m GEKDEES and Simiki- Struc- 
tures, with Observationa on the Application of Theory to Practioo, 
and Tables of Strength and other Properties of Materials. 13y 
EtunoH B. Stonet, E. A. 



Roebling's Bridges. 

Imperial folio. Cloth. $30.00. 

T.ONG AND SHORT SPAN SAIL WAT BEIDOES. By Joan- 
A. ItoEBi-isG, 0. E. Illustrated -with large copperplate engrav- 
ing^s of plans and viewiS. 

Zist of I'laies 
1. Parabolic Trues Eailway Bridge. 3, 3, 4, 5, 6. Details of Paiabolio 
Truas, with centra spau 500 feet in the clear. 7. Plan and View of a Bridge 
oTsr the MissiBBippi Eaver, at St. Lonis, for railway and common tvayel. 8, 0, 
10, 51, 13, Dutaila and View of St. Louis Bridge. 13. Esiilroad Bcidgo ovev 
tliQ Ohio, 



Diedrichs' Theory of Strains. 

8to. Cloth. $3.00. 

A Compendiiun for the Calculation aud Construction of Bridges, 
Eoofe, and Cranes, with the Application of Trigoiioniotrical 
Notes, Containing the moat comprehensive information in re- 
gard to the Resulting Strains for a permanent Load, as also for 
a combined (Permanent and Boiling) Load. In two sections 
adapted to the req^uiromonts of the present time. By John Dieb- 
BiCHS. Hlustrated by numerous plates and diagrams. 

" Tho want oi a compact, imiveraal and popular treatise on tlie Conatrun- 
tion of Koofa and Bridges — eapeoiaUy one treating of tho influence of a varia- 
ble load— and the unaatiafaotory essays of different authors on the aubjact, 
induced me to prcpaio this wort." 
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"Wliilden's Strength of Materials. 

lamo. Clotli- i^3.00. 

ON THE STRENGTH 01' MATERIALS used ia Engineering 
Construction. By J- K. Whiliien. 

Campiu on Iron Roofs. 

Lsirge 8vo. Clotli, §3,00. 

OK THE OONSTRUOTION OP lEON HOOFS. A Theoretical 
and Practical Treatise. By Pn.vKCia Oiiipr^r. With wood-cixta 
and plates of Eoofe lately executed. 

" The mathematical formulas are of aa elementary kind, and the prooesB 
adraita of an. eaay CKtenBioii so as to embiaoa the prominent varieties of iron 
truaa hridges. The trsiitise, though of a practioal snientiiio oharaeter, luay bo 
oasily mastered by any one familiir witli elementary mechanics iinil plane 
triganometiy." 

Holley's Kailway Practice, 

1 Tol. folio. Cloth, $13,00. 
AMBEICAN AND EUROPEAN EAILWAY PEAOTICE, in 
the Economical Generation of Steam, including the materiala 
and construction of Coal-burning Boilers, Combustion, the Varia- 
ble Blast, Vaporization, Circulation, Super-lieating, Supplying 
and Heating Feed-watei', &c., and the adaptation of Wood and 
Coke-burning Engines to Coal-burning ; and in Pei'manent.Way, 
including Eoad-bed, Sleepers, Eaila, Joint Eastenings, Street 
Eailwaye, &o., &e. By Albxande!; L. Hollby, B. 1'. "Witli V7 



" This ia an elaborate treatise by one of our ablestcivil engineers, on the coii- 
stniciion and use of looomotiTes, with a few ehapteiB on the building of Rail- 
roads, f *f » AH these eubjeots are treated by the author, who ia i 
firHt-clDsa raiirijad engineer, in both an intelligijnt and int«lUgible manner, Tho 
facts and ideas are well arranged, and presented in a clear and simple style, 
accompanied by beautiful engravings, and we pieEume the work will be regard' 
ed as indispensable by all who are interested in a knowlei%e of the conatruc- 
tion of railroads and rolling' stock, or the working of locomotives." — Scientific 
American, 
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8 SCIENTIFIC ISOOKS lUBLDHiMD MY 

Henrici's Skeleton Struoinres. 

8vn. Clotli. %\.m. 

SKELETON STEUCTUEES, especially in their Application to 
the building of Steel and Iron Bridges. By Olahs Henkici. 
With folding plates and diagrams. 

By presenting these general examinations on Skeleton St.cuotncea, utth 
pacticnlar application for Suspended Bridges, to Engineers, I renture to ex- 
press the hope that they will receive these theoretical resiilta with some oonii- 
dence, even although an opportunity ia wanting to compare them with practi- 
cal results. 0. H. 



Useful Information for Bailway Men. 

I'ocket form. Jloraoeo, gUt, §3.00. 

Compiled by W. G. Hahiltok, Engincoi-. ElftU edition, revised 
and enlarged. 570 pages. 

" It embodies many Taluahle formulEB and rscipca nseful for railway men, 
and, indeed, for almost every olase of jiersons in the world. The ' informa- 
tion. ' oompiiaes some valuable formulte and rules tor the oonstrootion of 
boilers and engines, masonry, properties of steel and iron, and the strength 
of materials generally." — EailToad Gaieile, Ohiear/u. 



Brooklyn "Water "Works. 

1 vol. folio. Cloth. §30.00. 

A DESCRIPTIVE ACCOUNT OF THE CONSTEUCTION OE 
THE WOEKS, and also Eepoits on Uie Brooklyn, Hartford, 
Belleville, and Cambridge Pumping Engines. Prepared and 
printed by order of tlie Board of Water Commissioners, "With. 
69 illustrations. 

OoHTHNTS. — Supply Ponds — The Conduit— Itidgewood Engine House ajid 
Pump "Well — Eidgewood Engines — Force Mains — Ei(^wuod Eeservoir — 
Pipe Distribution— Mount Prospect Reservoir— Mount Prospect Engine 
House and Engine — Drainage Grounds — Sewerage Worlta — Appendix. 
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D. V^AI'f JS'OSTBAJSrD. 

Kirkwood on Filtration. 

dto. Cloth. a"15-00. 

KEPOET ON THE FILTKATION OF EIVER WATEES, for 
tlie Supply of Cities, as practised in Europe, made to the Board 
of "Water Commisaionera of the City of St. Louis. By JAMEa P. 
KiEiiWooD. Illustrated by 30 double-plate engravings. 

CoKTENTS. — Seport on nitration — London, 'Worlcs, General — Chelsea 
Wibter Works imd Filters— Lambetii Water Worts and Kltera— Soutiiwark 
and VauKhaU Water Works and Filtei-s—Graad Jnnction Water Works and 
Filtera— West Middlesex Water Works and Fatera— New KiTer Water 
Works and Kliers— East London. Water "Works and FilteiH — I^eicester Water 
Works and Tiltera— York Water Works and ITilters— Liverpool Water Works 
:mii Filters—Edinburgh Water Worka and Filters— Dublin Water Works 
iijid I'iltera— Perth Water Works and Filtering Gallery— Berlin Water 
■\Vorka and Filters — Hamburg' Water Works and Eeaervoirs— Altona Water 
Vforfcs and ITiltere — Tours Water Works and S'lltering Canal — An^era Water 
Works and Filtering Galleries — Nantea Water Worka and Filters — Lyons 
Waterworks ajid Filtering Gialleries — Toulouse Water Works and FUtering 
Gulleries— ]llarseilles Water Worka and Filters — Genoa Water Worka and 
Filtering Galleries- Leghorn Water Worka and Cisterns— Waliefteld Water 
Works and Filters^Appendix. 



Tanner on Roll-Turning. 

1 vol. 8vo. and 1 Tol. plates. $10.00. 

A TREATISE ON EOLL-TUENINQ- FOE THE MANUFAG- 
TUEE OF lEON. By Peter Tuwhee. Translated and adapted. 
By John B. PEiiisE, of tho PeuDsylvauia Steel Works. With 
numoroiis wood-cuts, 8vo., together -with a folio atlaa of 10 litho- 
graphed plates of Eolls, Measurements, Sic. 

" We commend this book na a Diem, elaborate, and practical treatise upon 
the department of iron manufacturing operations to which it is deroted. 
The Trriter states in his preface, that for twenty-iiTe years ho lias felt the 
uecesaitiy of snoh a ■work, and has evidently broi^ht to its preparation the 
fruits of ejqperience, a painstaking regard for aoonraoy of statement, and a 
desire to furnish information in a style readily understood. The book sliould 
be ia the hands of every ono interested, either in the general practice of 
meohanical engineering, or the apedal branch of manufaotucing operations to 
which the work relates.'' — American jli'Smn. 
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10 St'IBNTLt'ia HOOK'S l-dliLISHKl) BY 

G-lynn on the Po-wer of Water. 

ISmo. Clotli. %\.m. 

A TREATISE ON" THE POWEE OF "WATER, aa applied to 
drive Eloui- Mills, and to give motion fo Turbiaoa and other 
Hydrostatic Engines. By Joseph GxYSff, 'S.'R. S. Third edition, 
revisod and enlarged, with numerous illxistrations. 



Hewson on Embankments. 

'Jto. Cloth. S3.00. 
PHINCIPLES AND PRACTICE OP EMEAWKIKG LANDS 
from River Floods, as applied to the Leve f tl e M* 'aeippi. 
By "WiLLiAJi Hewsoh-, Civil Engineer. 

" This ia a valuohle treatise on tJie priaoiplBS and j aot f oibonking: 
landfl fcom mTer floods, as applied to the Leveea of th M pp hy L^hly 

intelligent and esperienced engineer. The author a a t la iirat attempt 
to rednoe to order nnd to rule the design, eiocution a 1 n a> rem nt of the 
Leveea of the Missiasippi, It is n most useftil and ncodod contribution to 
Boientiflo literature. — FMladelpMa Ei;en.ing Javniat. 



GrviineT on SteeL 

Syo. Clotli. |S.50. 
THE MANUFACTURE OF STEEL. By M. L. GEUtTER, trans- 
lated from the French. By Lenox Smith, A. M., E, M,, with an 
appendix on the Bessemer Process in the tlnited States, by the 
tranalator. Illustrated by lithographed drawings and wood-cuts. 

" The purpoae of the work is io present a oareful, elaborate, and at the 
Bama time pcaotioal examination into the physical properties of steel, as well 
Be a desoiiptibn of the newproosaaes and meohanical appliancea for its manufac- 
ture. The information which it oojitains, gathered from many trustworthy 
Bonrces, will he found of much value to the American steel manufacturer, 
who may thua acquaint himself with the reaulta of careful and elaborate ex- 
perimenfa in other countriea, and better prepare himself for anccessful com- 
petition in this important indnatcy with foreign mahera. The fact that thia 
vohlme is from the pen of one of the ablest metallurgiats of the present day, 
cannot fail, we think, to aeauro for it a favorable Ganslderatiou.— Jra/l Age. . 
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Baiiernian on Irosi. 

13dh>. aotli. $3.00. 
TEEATISE ON THE METALLURGY OF LROK. Contain- 
ing outlines of tlio History of Ii-oii Manufaotme, methods of 
Assay, and analysis of Iron Ores, processes of mannfacturo of 
Iron and Steel, etc., etc, Ey H. Bauekmah. Eiret American 
edition. Iteviaed and enlfu'ged, with, an appendix on the Martin 
Process for making Steel, from the report of Abram 8. Hewitt. 
Illustrated with unmerous wood engravings. 

" TMa is an impoi'tant addition to tho stook of teohnioal works ]iubli9hed in 
this country. It embodies the latest facta, dlaooveriea, and prooeases ooii- 
neoted with the manufacture oi iron and steel, and alionld bo in the hands of 
every person intoresbad in the subject, as well as in. all teohnioal and scientific 
libraries." — Soientiflc A 



Link and Valve Motions, by W. S. 
AucMncloss. 

8vo, Cloth. $3.00. 
APPLICATION OP THE SLIDE VALVE and Link Slotion to 
Stationary, Portable, Locomotive and Marine Engines, with new 
and simple methods for pi-oportioning tho parts. By WiLLi,isi 
8. Atfchincloss, Civil and Mechanical Engineer. Designed as 
a liaad-book for Meclianical Engineers, Master Mechanics, 
Draughtsmen and Students of Steam Engmeering. All dimen- 
sions of tho valve are found with the greatest ease by means of 
a Printed Scale, and proportions of the link determined without 
the assistance of a model. Illustrated by 37 wood-cuts and 21 
lithographio plates, together with a copperplate engraving of tho 
Travel Scale. 

All the matters we havo mentioned are treated with a clearness and absence 
of anneceasary verbiage which renders the work a peonliarly valuable one. 
The Travel Scale only requires to be known to be appreciated. Mr. A, wcitea 
BO ably on his subject, we wiah he had written more. London En- 
gineering. 

"We haye never opened a work relating to steam which seemed to us batter 
oaleulated to give an intelligent mind a clear understanding of the depart' 
meat it discusaoB. — BeienUpi AmeHean,. (' im\ iI/j 



12 SCIBN'TIFIC BOOKS rUBLISHED BY 

Slide Yalve by Sceentrics, by Prof. 
G. W. MacCord. 

44o. Illustrated. Cloth, $4.00. 
A PEACTICAL TREATISE ON THE SLIDE TALTE BY 
EOCEKXBICS, examining by methods, the action of tho Eccen- 
tric iipon tJie Slide Talvo, and explaining the practical procea- 
ses of laying out the moTementa, adapting the valve for ita 
varioue duties in the steam-engine. Eor the use of Engineers, 
Draughtsmen, Machinists, and Students of valve motions in 
general. By 0. "\V. MacOokd, A. M., Professor of Mechanical 
Drawing, Stevens' Institute of Technology, llobolien, N. J. 



Stillman's Steam-Engine Indicator. 

ISmo. Cloth. $1.00. 

THE STEAM-EKGINE INDIOATOE, and tho Improved Mano- 
meter Steam and Vacuum Gauges ; their utility and application 
By Paul Sxillman. Neiv edition. 



Bacon's Steam-Engine Indicator. 

13mo, Clotli. $1,00, Mor. $1.Q0. 

A TREATISE ON THE EICHARDS STEAM-ENGINE IN- 
DICATOR, with directions for its use. Bv Chaeles T. Poeiihi:. 
Eevised, with notes and large additions as developed by Amer- 
icaji Piaotice, with an Appendix containing useful formulie and 
rules foi Engmeers. By E. W. Baoon, M. E,," Member of the 
American Society of Oivil Engineers. Hluatrated. Second Edition 
Iq tlu3 work, Ml Pocter'a boolt haa been takon as iha basis, but Mi'. Bacon 

lias adopted it to American Praotioe, and has conferred a great boon on 

American Engiaeers. — Artinan. 



Bartol on Marine Boilers. 

8vo. Cloth. $1.50. 
TREATISE ON THE MARINE BOILERS OE THE UNITEI) 
STATES. BylL B, Baetol. Illustrated. 
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G-illmore's Limes and Cements. 

2t'ourth Edition. Jteviaed and En.largd. 
8vo. Cloth. ^4.00. 
PEACTICAL TliEATISB ON LIMES, HTDEArLIO CE- 
MENTS, AND MOETAES. Papers on Practical Engineering, 
TJ. S. Engineer Department, No. 9, containing Eeporta of 
minteroiis experiments conducted in New York City, during the 
years 1858 to 1861, inclusive. By Q,. A. Qillmoue, Brig-Gteneral 
U. S. Yolunteei-s, and Major U. S. Corps of Engineers. WitJi 
numerous illustrations. 

" This -work ooiitains a record of certain experimentB aatl resoaroliea made 
under the authority of tie Engiceer Bureau of the War Deportment from 
1858 to 1861, upon, the "yaiious hydranlio cements oi the United States, and 
the materials for their m^iufacture. Tho esi>erimenta were carefully made, 
and are well reported and compilatl. ' — -Journal Fra/tklili IiuUtute. 



G-illmore's Ooignet Beton. 

8yo. Cloth. g;3.G0. 
OOIGNET BETON AND OTHEB ARTIFICIAL STONE. By 
Q. A. GiLLSioBE. 9 Plat«3, Views, etc. 

This work describea witli consideralile minuteness of detail the scTCi'al tinda 
of aiti&oial stoue iu most general use in Europe and now begianing to be 
introduced in the United States, disousaes their properties, relative merits, 

and cost, and describes the materials of which they are composed 

The subject is one of special and growings interest, and we commend the work, 
embodying as it does the matured opinions of an eiperieuoed engineer and 



Williamson's Practical Tables. 

4to, ITlesible Clotli. §3.50. 

PEACTIOAL TABLES IN METEOEOLOGY AND HYPSO- 
METEY, in connection with the use of the Barometer. By Ool. 
E. S. WlLLIAMSOM, TJ. S, A. 

H.s.dtv Google 
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Williamson on. the Barometer. 

dki. Clotli. $15.00. 
ON THE TTSE OF THE BAKOMETEK, ON" StrKYEYS AK"D 
RECONNAISSANCES. Part I. Meteorology in its Connec- 
tioa'with. Hypsometry. Part II. Barometrio Hypsometry. By 
li. 8. WiiiiAiisos, Bvt. Lieut.-Col. U. S, A., Major Corps of 
Engineers, With. lilustrntivo Tables and Engrayings. Papor 
No. 15, Professional Papers, Corpa of Engineers. 

" San I'RANaaco, Cai.,, Feb. 37, 18G7. 
" Gan. jL A. HuMPHBETS, Chief of EagineerB, XJ. B. Army : 

"General, — I liave tha honor to submit to you, in the following pages, tho 
results of my iuTeatigations ia inetoorology and hypsometry, mnde with tho 
visTV of ascertaining how Jar tha barometer cod be used aa a reliable instm- 
ment for determining altitudes on extended lines of survey and reoonnaiE- 
annceB. These iiiveatigatioua have oooupied tlio leiBure permitted me from my 
professional duties during the last ten years, and I hope the raaulta will bo 
deemed of sufficient Yalue to liava a place aaaigned them among tbe printed 
professional papers of the TJuited States Corps of Engineers. 
" Very respectfully, your obedient sersant, 

"E. S. ■WILLIAMSO:^', 
" Bvt. Lt.-Col. U. 3. A., Majoi- Corpa of TJ. S. Engineers." 



Yon Ootta's Ore Deposits. 

Svo. ■ Clotli. ?4.00. 
TREATISE ON ORE DEPOSITS. By Ebeshakd Yon Cotta, 
Professor of Geology in tlie Eoyal Sehool of Mines, Preidbeig, 
Sasony. Translated from tlio second German edition, by 
PEmEEiCK PsiiTE, Jr., Mining Engineer, and revised by tho 
au-thor, with numerous illustrations. 
" Prot Yon Cotta of the Fi-eiberg School of Mines, ia the author of tho 
best modem treatise on ore deposits, and we are heartily glad that thia ad- 
mirable -wort has been translated and published in thia country. The trans- 
lator, Mr. X^ederick Prime, Jr., a graduate of Freiberg, haa had in liis work 
the great advantage of a reviaion by the author himself, who declares in a 
prefatory note that this may be considered as a new edition (tho third) of his 

" It is a timely and welcome contribution to the literature of mining in 
this Muntry, and we are grateful to tha translator for his enterprise and good 
judgment in. undertaWng its preparation; while we rocogniaa with equal oor- 
didity the liberality of tho author in granting both permiasbn and asaist- 
anoe." — Extract /rom Seviejc in Engineerinf/ wid Mining Journal. -, 
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Piattuer's Blow-Pipe Analysis. 

Second edition. EsTiaed. SVo. Cloth. |7.S0. 

PLATTISTER'S MANUAL OF QUALITATIVE AND aXJAW- 
TITATIVE ANALYSIS "WITH THE BLOW-PIPE. Prom 
the last Gormaa eiiitioa Eeviaed and enlarged. By Prof. Tn. 
E.ICHTEB, of tlie lEtoyal Sasoa Mining Aeidemy. Translated by 
Prof. H. B. OoEHWALL Assistant m the Coliimbia School of 
Mines, New York assisted 1 j Joht IT Caswell. lUuali-ated 
with, eighty-seven ruod cuts I c o L thographic Plato. 500 
pages. 

" Plattner's celetrnt* I TOrk lias long' been reoognized as ttc only oompleto 
book on Blow-Pipa Amlysiia The loiuth Gcrmm edition, edited by Prof , 
fiiolitei, fully BHStaina tte lepatation wbi h tlio earlier editions acquired dur- 
ing tlia lifetime of the author and it 13 a aourco ot gi"eat satiafaetion to us to 
know that Proi Biohtei liaa co-operated with the translator in issuing the 
American edition of the work, whioh is in fact a fifth edition of the original 
■vrark, being far more complete than tho laat German edition." — 5('ffi«an's 
JaurnaL 

There ia nothmg so complete to be found in tte English langoage, Platt- 
ner's book ia not a raoro pooltet edition ; it is intendetl as a comprelieuBiTe guide 
to all that is at present known oa the blow-pipe, and as such is really indis- 
pensable to teaohers and adTanoed pupils. 

"Mr. ComwaH's edition iasometliingroOTB than a translation, as it oont^na 
many oorreolions, emendations and additions not to be found in. the original. 
It is n decided improTement on tie work in its German dress," — JoM'nal of 
Applied Cliimmtri;. 



Egleston's Mineralogy. 

8to. Illustrated with 34 LitliograpMc Plates. Cloth. i^ioO, 

LECTURES ON DESOEIPTIVE MINERALOGY, Eolivered 
at the School of Mines, Columbia CoUego. Br Phofessob T, 

EoLESTON. 

These lectures are wliat their title indicates, tho lectures on Minerali^y 
delivered at the Sohool of Mines of Columbia College. They have been 
printed for the students, in order that more time might be given to the vari- 
ous methods of examining and determining minerals. The second part has 
only been printed. The iirst part, comprising crystallography and phydcal 
mineralogy, will be printed ot some future time. (""imi i I,> 
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Pynchon's Chemical Physics. 

Ne^e^ Edition. Mevistiil and Enlarged. 

Cro-wTi 8yo. Clot!i, 53.00. 

INTEODUCTION 10 CHEMICAL PHYSICS, Designed for Hi o 
Use of Academies, Collogea, and High Schools. Illustrated with 
numerous engrariiigs, and containing copious experiments "with 
directions for preparing them. By Thomas Euogles Pthchon, 
M.A., Professor of Ohemist-rj and the Natural Sciences, Triiiity 
College, Hai^;ford. 

Hitherto, no work Buitabla for gena-al use, treating' of sill these aubjeota 
■withia tha limits of a singls Tolume, coultl ba found ; consequently the atten- 
tion, they haye recoiTod iaa not been at all proportionate to their iinpoTt«i.ce. 
It ia believed that a book containinj^ so much valuable inioimation within bo 
small a compasa, cannot fail to meet witi. a leady aale among all intelligent 
persons, wMle Profeasionsil nien, Physicians, Medical Students, Photograph- 
ers, Telegraphers, Engineers, and Artisans generally, 'will find it specially 
■ valuable, if not nearly indispensable, as a book of reference. 

" We strongly reoommend this able treatise to onv readers aa the first 
■work ever pnbliahed on the subject free fi-om perplexing teohnioalifies. In 
stylo it ia pure, in description graphic, and ita typographioal appearance ii 
artistic. It ia alit^ether a most excellent -work." — ^clectia Medical Jowmal. 

" It treats fully of Photography, Telegraphy, Steam Engines, and tho 
varioas applications of Elsotricity. In short, it is a carefully prepared 
volume, abreast 'with the latest scientiflo discoveries and inTeations.'' — Hart- 
ford Cowanl. 

Fiympton's Blow-Pipe Analysis. 

13mo. Cloth. $1 50. 

THE BLOW-PIPE ; A Guide to Its Use in tho Deiei-mination 

of Salts and Minerals. Oompiled from various eonrces, by 

Geoegb W. Plympton", C.E., A.M., Professor of Physical 

Science in the Polytechnic Institute, Brooldyn, N. Y. 

" This manual probably has no superior in the English language as a text- 
book for beginners, or aa a gTiide to the student working without a teacher. 
To the latter many illuatrations of the utensils and apparatus required in 
using the blow-pipe, as well as the fuEy illustrated description of the blow- 
pipe flame, will be especially serviceable."— JVot Torlc Teackei: 
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lire's Dictionary. 

SixtJi Edition. 

London, 1873. 

3 vols. 8to. Cloth, $35.00. Half Kuesia. $33.50. 

DICTIOWAEY OF ARTS, MANIXFA0TUEE8, AND MINES. 

By AiTEEEW Ure, M.D. Sixth, edition. Edited Ijy Hobeko: Hcst, 

P.E.S., greatly enlarged and rewritten. 



Brande and Gox's Dictionary, 

Jfew lEditiiiti. 

London, 1S73. 

3 vols. 8yo. Cloth, $30.00. Half Morocco, $37.C0. 

A rUctionaiy of SciencB, Literature, and Ait. Edited by W. T. 

EaASBB and Eev. Geo. W. Oox. New and enlarged edition. 

Watt's Dictionary of Ghemistry. 

Supplementary Volume. 

Sto. Cloth, $0.00. 

Thia volume brings the Eeoord of Chemical Discovery down to the end of 
the year 1869, iiioliidin!( also seyoral additions to, and coi'rBctiona of, former 
rosnlta whioh have appaared in 1870 and 1871. 

*5^" Complete Seta of the Wort, New and Keyised oditjon, including aTjove 
BupplamBiit. vols. 8to. Cloth. $63.00. 



Rammelsberg's Chemical Analysis. 

8to. Cloth. S3.35. 

GUIDE TO A COURSE OF GUiPrTITATIVll CHEMICAi 

ANALYSIS, ESPECIALLY OF MIjSTEEjYIvS AND PXTR- 

NACE PBODUCTS. Illusti'ated by Examples. By C, F. 

EiMMELSEEEe. Translated by J-'Towlbe, M.D. 

Thia work Ims been translated, and is now published expressly for thoaa 
students in chemistry whose time and other studies in colleges do not permit 
them to enter upon the m.ore elaborate and expensive troatiBaa of FroBSiiius 
and others. It ia tho condensed labor of a master in ohemiatry and of a. prac- 
tical analyst. 
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Eliot and Storer's Qualitative 
Chemical Analysis. 

Ne%v Edition, Mevlsed, 
13mo. Illustrated. Clotk. $1.50. 

A COMPENDIOUS MANUAL OF QUALITATIVE CHEJII^ 
CAL ANALYSIS. By Chakles W. Eliot and FraskH. Stokeh. 
Eevised with, tlie Cooperation of tlio Authors, by Williaii Eir- 
r.Er Nichols, Professor of Cliemistry in tlie Massaclmaetta Insti- 
tute of Technology. 

" This Jlamial liaa great nierits as a praotioal mtrodnotion, to tie Hoienoe 
and the art of which it treats. It contains enough of tlie theory and practico 
of quBlitatiTo analyais, " in thowet-way,'' to bi-ing ont all the reaaoniug in- 
volved in the soienoe, and to present olearlj- to the student the most appcoTed 
methods o( the art. It is specially adapted for eiercises and esperiments in 
the laboiutory; and yet its classifications and manner of treatment aro so 
Bysfematio and logical throughoat, as to adapt it in a liigh dogcaa to that 
higher class of etudonts generally who desire an aoourato knowledge of the 
practical methods of arriving at aoiontiflo facts." — iMtlim-an Odserrer. 

" We wish every academical class in the land ooald hove the benefit of tho 
fifty eserciaaa of two hours each necessary to master this hook. Chemistry 
would cease to be a mere matter of memory, and beoome a pleasant experi- 
mental and intellectual recreation. "We heartily commend this Kttle volume 
to the notice of those teachers who believe in using the sciences as meaiis of 
menfeJ discipline. " — College Courant. 



Craig's Decimal System. 

Square 33mo. Limp. 50c. 

WEIGHTS AND J1EASUEE8. An Account of the Decimal 
System, ivith Tables of Conversion for Commercial and Scientific 
Uses. By B. E. Cit,UG, M. D. 

" The most lucid, accurate, and useful of all the hand-hooks on this EUbjcct 
that we have yet seen. It gives forty-saven tables of comparison between the 
English and Prench denominations of length, area, capacity, weight, and tho 
Centigrade and ]?ahrenhait tliermometera, with clear instructions how to use 
them; and to this praotioal portion, which helps to make the tranaition aa 
easy aa posaihle, is pvefiied a ecientiiio explanation of tiie errors in tho metrio 
system, and hov/- thny may bo correciwl in the laboratory."— Mi/io?!, 
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Nugent on Optics. 

ISmo. Clotli. $3.00 

TREATISE ON OPTICS ; or, Light and Sight, theoretically and 
practically treated ; ■with the application to Fine Art and ladus- 
trial Pursuits. By E. NueEur. With one hundi'ed and three 
illustrations. 

" This book ia of a praotinal rather tlian a theoretioal kind, and in de- 
signed to afford, aoourote and oompleto information, to oil intorested iu. appli- 
oatioQB of thefioienoe." — Bound Taile. 

Barnard's Metric System. 

8vo. Erown cloth. ^13.00. 

THE METRIC SYSTEM OP WEIGHTS AND MEASTJEES. 
Aa Address delivered before the Convocation of the University of 
tlie State of New York, at Albany, Augnsi, 1871. By Ehbtebick 
A. P. BiatTABD, President of Columbia College, Kew York City. 
Second edition from the Revised edition printed for the Trustees 
of Oolumljia College. Tinted paper, 

" It is the best snmmary of the arguments in favor o( tte metric iweights 
and measures with which we are augnaiiited, not only baoauae it contains in 
Email space tie leading facts of the ciisB, but beoauee it pats the advocacy of 
that system on the only tenable grounds, uameiy, the great convenisaco of a 
decimal notation of ■weight and measure as ■well as money, tie value of inter- 
national Tinifoi-niity in the matter, and the fact that this metric systen* is 
adopted aniiii general use by the majority of oivilizod nations." — T/iaAaliort- 



The Young Mechanio. 

Illustrated. 13nio. Cloth, |1.7(>. 

THE YOUNG MECHANIC. Containing directions for the nso 
of all kinds of tools, and for the construction of steam, engines 
and mechanical models, iacluding ■fche Art of Taming in Wood 
and Metal. By the author of "The Lathe and its Uses," etc. 
From the English edition, with corrections, ^^ , 
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Harrison's Mechanic's Tool-Book. 

ISmo. Cloth. $1.50. 
MECHANICS TOOL BOOK, -with praetioal rules and suggestions, 

for th.e use of Machinists, Iron Workers, and others. By W. B. 

Hakrisok, Associate Editor of the "American Artisan." lUuati-a,- 

ted with 44 engravings. 

" This work is spodally adapted to meet the wants oJ JlaoliiniatB Emd wqirk- 
crs in iron generally. It is made up of the work-day osperionce of an intelli- 
gent and ingenious mechanic, wto had the fecnlty of adapting tooL? to various 
purposes. The praotioabilitj fit his plans ojid suggestions are made apparent 
even fo the unpractised eye 'hy a series of woU-esecuted wood engravings." — ■ 
TMladdphia Inquirer. 

Pope's Modern Praotioe of the Elec- 
tric Telegraph. 

Eighth E.ntion. 8yo. Oioth 152,00. 
A Hand-book for Electricians and Operators. By I'lusK L. Pope. 

Seventh edition. Eerised and enlarged, and fully illustrated. 
Extract pom. Letter of Prof. Morss. 

" I have had time only cursorily to examine its contents, hnt tJiis examina- 
tion has resulted in great gratification, especioUy at the fairness and nupre- 
judioed tone of yonr whole work. 

" Your illustrated dia^frams are admirable and beautifully executed. 

" I thinlc all your instructions in the use of the telegraph apparatus judi- 
cions and oorrect, and I most cordially wish you suooess." 
JSxtraet froni Letter qf Prof. Q. W. Kough, of the Dudley Obsermtarj/. 

" There is no other work of this kind in the English language that con- 
tains in ao small a compass so mnoli practical information in the application 
of galvanic electricity to telegraphy. It should be in the hands of every one 
interested in telegraphy, or the use of Batteries for other purposes. " 



Morse's Telegraphic Apparatiis. 

Illustrated. 8vo. Cloth. $3.00. 

EXAMINATION OF THE TELEGEAPHIC APPASATXI8 

AND THE PEOCESSES IN" TELEGAPHT. By Samuel F. 

B. Morse, LL.D., Unitod States Commissioner Paris Universal 

m, 1S67. ■ Google 
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Sabine's History of the Telegraph. 

13mo. Clotli. $1.23. 

HISTORY AND PE0GEES8 OF THE ELEOTSIC TELE- 
GErAPII, with Descriptions of some of tte Apparatus, By 
Ejdbeet SiBiNE, C E Seconil edition, ivith. additioas. 

Contents — I Eaily Obaemtions of Electrical Phenomena. II. Tole- 
grapha hj Itaotional Eleoti loitj. HI. Telegraphs by Voltaic Eleotcicily. 
IV. Tel^raphs by Electro-Magaetiam imd M^neto-Eiectricity. V. Telq- 
Ifrapha now in use VI OierheaJ Lines. VH. Submarine Telegrapli Lines. 
Vm. Undrij-iouud T^le-r^pl!^ IX. AtmoBplioriu Eleotrioity. 



Haskins' G-alvanometer, 

Pocket form. Illustrated. Morocco tucka. $3.00. 
THE G-ALVANOMETER, AND ITS USES; a Manual for 

Electricians and Students. By C. H. Haskis3. 

"We hope tills excellent iittie work will meet -witli the sale its nieriis 
entitle It to. To every telegrapher who owns, or nses a GalvanoBiBter, or 
ever espects to, it wlil be quite indispensable." — I'hB Telegraphs:: 



Culiey's Hand-Book of Telegraphy. 

8vo. Cloth. ^5.00. 

A HAND-BOOK OF PRACTICAL TELEGRAPHY. By 

E. S. Cl'LLEY, Engineer to tlio Electric and International 

Telegraph Company. Eifth editioUj revised and enlarged. 



Foster's Submarine Blasting. 

4ki. Cloth. $8.50. 

SUBMARINE BLASTING in Boston Hai-bor, Masaachuaetts— 
Removal of Tower and Ooi-wiii Roots. By John Q. Fostee, 
Lieutenant-Colonel of Engineers, and Brevet Major- General, U. 
S, Army. Illustrated with seven plates. 
List of Plates. — 1. Sketch of the Narrows, Boston. Harbor. 3. 

Townsend's Submarine Drillii^ Maoliine, and "Working "Vesgel attending. 

?!. Sabmarino Drilling JIaohina employed. 4. Details of Drillmg Machine 

employed. 5. Cartridges and Tamping used, 0, Fuses and Insulated 'WirBB 

iisod. 7, Portable Fiii^f ion Batteiy used. 
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Barnes' Submarine "Warfare. 

8yo. Clotli. 555.00. 

8UBMAEXNE WARFAEB, BEPEN8IVE AND OPEEKSIVE. 
Comprising a full and complete History of the Invention of tho 
Torpedo, its employment in War and reanlta of its hsq. De- 
scriptions of the Tarious forma of Torpedoes, Submarine Batteriea 
and Torpedo Boats actually used in War. Methods of Ig'nition 
by Machinery, Contact Fuzes, and Electricity, and a full account 
of experiments made to determine the Explosive Force of Gun- 
powder under Water. Also a discussion of the Offensive Torpedo 
system, its effect upon Iron-Clad Ship systems, and influence ttpon 
Future Naval Wars. By Lieut. -Commander John S. B.ikxes, 
TJ. 8. K. With twenty lithographic plat«s and many wood-cuts. 

" A book important to militaty men, and especially so to engineers aiid or- 
tillerista. It coneista of an examination of tho yarions offensive iinil defenaivo 
engines tliat 3iavo been, conitlved for submafine hostilities, including a diacua- 
aion of the torpedo system, its effects -upon icon-clad ehip-syatems, and its 
probable influence upon fature naval M-ara. Plates of a valnablB clioractcr 
accompany tlie treatise, which affords n nsefnl history of the momentous sub- 
ject it diaouasea. A great deal of nseful information is eoilected in ita pages, 
especially concerning the inventions of SCHOLL and Vbrdu, and of Jokes' 
and Hujtt's l>at(erie3, as wall as of other similar machines, and tho use in 
au'omarine operations of gnn-cotton and nitro-glycerine."— -iV^ Y. Timea. 



Eaiidali's Q,nartz Operator's Hanci- 
Book. 



QUABTZ OPEEATOR'S HAND-BOOK. By P. M. Bahd.u.l, 
New edition, revised and enlarged. Puliy iiluatratod. 

The object of this -work lias been to present a clear and coinproliensii-e ex- 
position of mineral vcina, and the nxaans and modes chiefly employed for the 
mining' and working of their ores — more espeoialiy those containing gold and 
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Mitchell's Manual of Assaying. 



A MANUAL OF PEACTICAL ASSAYING. By Jobh Mmckei.i.. 
Third edition. Edited by Willusi Chookbs, F.E.S. 

In thia edition are incorporated all tlie late importaEt diaooverica in Aaaay- 
ing- maiie in this country and abroad, and special care is devoted to tie very 
important Volnmetiio and Colorimetrio Aaaays, as well aa to the Elow-Kpe 
Assays. 



Benet's Chronoscope. 

Second Edition, 

Illuatcfitcd. 4to. Cloth. $3.00, 

ELECTE0-BALLT8TIC MACHINES, and the Schidtz Chrono- 
scope. By Lientejiant-Colonel 8. Y. Eenet, Captaia of Ordnance, 
U. 8. Army. 

Contests.— 1. Ballistic Fendnlnm. 2. Gnn Penduluni. 8. TJao of Elec- 
tricity. 4. Navez' Maohina. 5. Tignotti'sMaahine, with Platea. 6. Bento;i's 
Eleetro-Eallisfic Pendnlnm, with Plates. T. Lunr's Tro-Peiiduliuii Machine 
8. Sohultz's Chronoscope, with two Platts. 



Michaelis' Gitronograph. 

4to. Illustrated. Cloth. $3.0a 

THE LE BOIILENG^ OHEONOGEAPH. With thi-ee litho- 
graphed folding platea of illustrations. By Brevet Captain E. 
MiCHiEUs, First Lieutenant Ordnance Corps, IT- 8. Army. 

" The excellent mon(^aph of Captain MichaeliB entora minutely into tlio 
details of oonsfcrnctjon and managremeni, and givaa tablea of the times of flig'ht 
calculated upon a given fall of the chronometer for all distanoea. Captain 
Miohaelia hoa done good service in presenting this work to his brother officers, 
describing, as ifc does, an instrument which bids fair to he in constant use in 
our future ballistic espcriraenta.'' — Arr/iff and Napy JounuX 

I Google 



24 BCIEN'TII'IC DOOA'8 l^UDLJSIIED BY 

Silversmith's Hand-Eook. 

Fourth Mditlon. 

lUuBtmted. 13mo. Clotli. ^3.00. 

A PEACTICAL HAND-BOOK POE MINERS, 
d A m IS g m mp 



Mining 
.Tiri,ii7s 



ored to embody all tta proceasea foi . the roduotion and mampuUtion. of tho 
precious ores heretofore sucooasfuily omployad in GJermany, England, Meiioo, 
anil the United States, together "witli such as have been moi-o recently inTented, 
imd not yot fully tested— :ill of which ;irc prolueoly illuati'ated and easy of 



Simms' Levelling, 

8i'o. Cloth. ^3.50. 

A TBEATI8E ON THE PEINCIPLES AND PEAOTICE OF 
LETELLIN&, showing its application to purposes of Sailway 
Eagineeting and the Construction of Eoads, &.<i. By Pebdeeick 
W. SisEiEs, 0. E, Prom the fifth Loudon editiou, revised and 
corrected, mth the addition of Mr. Law's Practical EKamples for 
Setting Out Eailwoy Curves. Illustrated with throe lithographic 
plates and numerous wood-eats. 

" One of the most importftut teit-boolcs for the general snrveyor, and tliore 
is soarceiy a quesUon connected with levelling for which a BoluUon irould bo 
aonght, but that would bo satisfaotorily answered by consulting iliia volnme." 
— Mining Journal. 

"The test-lMok on leyeliing in most of our engineering schools imd col- 
lets,"— ffllfl*''^^''*- 

"The publisliers have rendered a Bubstantdal service to tlie profesaion, 
ospeoiaUy to, U^e younger membera, by bringing ont tlio present edition of 
5Ir. Simros' oaeful -work." —En ffCneering. 
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Stuart's Successful Engineer. 

ISnio. Boards. EO cents. 

HOW TO BECOME A SUCCESSFUL EWGINEEE: Being 

Hints to Youtlia intending to adopt the Profession. By 

Bernard Stuart, Engineer. Sixth Edition, 

"A valuable iittlo book of Bound, aenaibla advice to yoimg men wlio 

wish, to rise in the roost iniportnnt of the profeesions." — Scienlific American. 



Stuart's Haval Dry Docks. 

T-H'pnty-four engraviags on steel. 

Fourth Edition, 

4to. Clotli, §0.00. 

'J'HE NAVAL, BKY DOCKS OF THE UNITEP STATES. 
By Chaelbs B. SiDAJiT. Engineer iu Chief of tho TTuited Statea 

iis/ T lUubiralions. 

Pumping Engine and. Pump* — PKn of Dry Dock and Pump-Well— Sec- 
tions of I)ry Dock — Engmc House— lion Ploating Gate — Detials of Floating 
Oiite— Iron Turning Gate— Plan of Turning Gate— Culvert Gate— PEling 
Culvert Gatea — Engine Bed — Plate Puropa, and Culvert — Engine Hocso 
Roof— Floating Sectional Do)k — Details of Section, and Plan of Tum-Tables 
- — Plan of Basin and Marine Eailways^Plan of Sliding Enune, and Elevation 
of Pnmpa — Hyiiraulio Oylindei — Pkii of Gearing for Pumps and End Floats 
— Perspective Viow of Dotk, Easm, and Railway — Plan of Basin of Porfa- 
moutli Dry Doek— Floating Balance Doolt- Elevation of Trusses and the Ma- 
i^hinery— Perspective Viow of Balance Dry Dock 



Free Hand Drawing. 

Profusely Illustrated. ISnio. Boards. 00 centB. 

A GUIDE TO OENAMENTAL, Figure, and Landscape Draw^ 
ing. By an Art Student. 

CONTKNTS.— Materials cmployod in Drawing-, and how to uso them — On 
Lines and how to Draw them^On Shading— Concerning lines and shading, 
with applications of them to simple cleraontary aubjects — Skfitoics from Jfa- 
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Miniiie's Medianical Drawing. 

Eighth JSMtion. 

Royal 8yo. Cloth. $4.00. 
A TEXT-BOOK OF G-EOJIETRICAL DEAWINQ for the use 
of Mechanics and Schools, in which the Definitions and Enles of 
Goonietiy are familiarly explained ; the Practical I'roblenia are 
arranged, from tho most simple to the more complex, and in their 
description technicalitiea are avoided as much as possible. With 
illuatrationa for Drawing Plaua, Sections, and Elevations of 
Buildings and Macliiaery ; au Introduction to Isometrical Draw- 
ing, and an Essay on Linear Perspective and Shadows. Illus- 
trated with over 200 diagrams engraved ou steel. By Wji, 
MiNiriE, Ai-chitect. Eighth Edition. With an Appendix on the 
Theory and Application of Colors. 

" It is the best work on Drawing that ivo have ever aeen, and is especially a 
toit-Txiok of Gteometrical Drawing for the use of Mechanics and Schools. No 
young Mechanic, such as a Machinist, Enginoer, Cabinet-Maker, Millwright, 
or Carpenter, should bo without it." — Semitific Amerkan. 

" One of the most oomprehenaive worts of the kind over published, and can- 
not but pcMseas great valne to builders. The style is at once elegant and snb- 
stantial."— P«n?isj/2«anJ(i In^irei: 

" "Whatever is said is reiiderod perfectly intelligible by remarkably well- 
oxeonted diagrams on steel, leaving nothing for mero vague supposition ; and 
the addition of an introduction to isometrical drawing, linear perspective, and 
the projection of shadows, winding up with a nsefal indos to technical terms." 
— QlaggoiB Menltanies' Joumul. 

[[5g° The British Government has authorined the nsc of tliia book in their 
suhoola of art at Somerset ITonso, London, and throi^hont tho kingdom. 



Minifie's Geometrical Drawing. 

JTew Edition. Mnlarged, 

ISmo. Cloth. $3.00. 
GEOMETEICAL DEAWING. Abridged from the octavo edition, 

for the use of Schools. Illustrated with 48 steel plates. New 

edition, enlarged. 

'■ It is well adapted as b test-boojc of drawing to be used in our High Schools 
and Academies where this useful branch of the fine arts has been hitherto too 
much negleotfld." — Boston Jounuiil. 
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Bell on Iron Smelting. 

fivo. aott. §3.00. 

CHEMIOAX PHENOMENA OF IRON SMELTING. Au ex- 
perimental and practical examination of the cireunistauces ■whicli 
detemiino the capacity of the Blast Furnace, the Temperature 
of the Air, and the Proper Condiidon of the Materials to be 
operated upon. By I, Lowthian Bux.i.. 



3 which take place in every foot of the blEst-furaace liavo 
been inTBatignted, and the nature of every step in the prooeas, from the intro- 
duotioii of the raw material into the furnace to the production of the pig; iron, 
has heen carefully aacertained, and recorded bo fully that any one m the trade 
csin readily avail themselves oi the knowledge acquired ; »nd we have no hes- 
itsitjon in Baying that the judicious application of such loiowledge will do 
mucli to facilitate the introduction of arrangem.ents which will still further 
economise fuel, and at the same time permit of the quality of the resulting 
metal Ijeing maintained, if not improved. The volitma is one which no prac- 
tical pig iron manofaoturer can afford to he without if ho be desirous of en- 
taring upon that competition which nowadays is esasntial to progress, and 
in issuing such a wotll Mr. Bell haa entitled himself to the beat thanks of 
every member of the trade." — London Mining Jowruil. 



King's Notes on Steam, 

Thirteenth JStlition. 
8vo. Clotli. S3.00. 

LESSONS AND PEACTIGAL NOTES ON STEAM, the Steam- 
Engine, PropoUers, &c., &c., for You ug Engineers, Students, and 
others. By the lato W. E. Kiuo, U. S. N. Itevised by Chief- 
Engineer J. W. King, U. S. Navy. 

" This is one of the best, becanae eminently plain and practical treatises on 
the Steam Engine ever published. ' — PMadelpMa Press. 

This is the thirteenth edition of a valuable work of tbe late W. H. King, 
U. S. N. It contains leseona and practical notes on Steam and the Steam En- 
gine, Propellers, etc. It is calculated to be of great nso ia young marine en- 
gineers, students, and others. The text is illustrated and explained- by nu- 
merous diagrams and representations of machinery. — Bo3U»l Daily Advel^ 

Test-book at the D, S. Kaval Aoadomy, Annapolis. 
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Bnrgli's Modern Marine Engineering. 

Oue i!)iek -itii vol. Clotli. O^S.OO. Half morocco. $30.00. 

MODERN MAEIiSTE ENGINEEEING, appUed to PadOle ami 
Surew Propulsion. Consisting of SG Colored Piatea, 259 Practical 
Wood-cut lUustrationa, and 403 pages of DesoriptiTo Matter, (lio 
whole being aii exposition of tlie present practice of tho foUov.'- 
iog firms ; Messrs. . J. Peiin & Sona ; Messrs. Maudslay, Sons C: 
Field ; Messrs. James Watt & Co. ; Messrs. J. & G-. Uennjo ; 
Messrs. P. Kapier & Sons ; Messrs. J. & W. Dudgeon ; Mossto. 
Eavenhill & Hodgson ; Messrs. Humphreys & Tenant ; Mr. 
J. T. Spencer, and Messrs. Forrester & Go. By N. P. Buncu, 
Engineer. 

PnisoiPAL CoKTEKTS. — Gieneral Atrangemeata of Engines, 11 esamplen 
"■General Arrangoment of Boileis, li oxamplea — General Airangeraeiit of 
SuperieaterH, 11 eiamples — Details of Osoillating: Paddlo Engines, 34 os- 
amplea — Condenaers for Screw Endues, both. Injection and Surfaco, 20 ox- 
iiraplea— Details of Screw Engines, 30 examples — Cylinders and Detwla ol 
Screw Engines, 31 examples — Slide Valves and Details, 7 examples — SM6 
Valve, Link Motion, 7 examples — Expansion Valves and Gear, 10 csam^ 
plos— Details in General, 30 examples— Screw Propeller and Fittings, 13 ex- 
amples Engine and Boiler I'ittings,28 examples-Inrelation to tte Princi- 
ples of the Marino Engine and Boiler, 33 esaraplei. 

I^otioes of the JPrcss. 

" Every conceivable detail of the Marine Kngine, under aU its Yari<fua 
forms, ia profusely, and we must add, admirably illustrated by a multitudo 
of engravings, soloctod from the beat and moat modern practice of tho first 
Marine Engineers of the day. Tho chapter on Condensers is peculiarly valu- 
able. In one word, there is no other work in oxistenoo which will bear a 
moment's comparison with it OS an exponent of the skill, talent and practical 
experience to which is due tho splendid reputation enjoyed hy many British 
Marino Engineers."— J^njm&T. 

" This very eomprehensiye work, which was issued in Monthly pacts, haa 
just been completed. It contains large and full drawings and copious de- 
BcriptiouB of most of the best examples of Modem Marina Engines, and it h 
s. complete theoretical and practical treatise on tiie subject of Mariue Engi- 
noering." — American Ariisan. 

This ia the only edition of thn above worlc with the beautifully colcred 
plates, and it 13 out of print in England. 
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Bourne's Treatise on the Steam En- 
gine. 

Ninth Mditimi. 
niusiratciL 4to. Cloth. glfl.OO. 
TEEATISE ON THE 8TEA3I ENGINE in its Tarious applicr. 
tions to Mines, Mills, Steam Navigation, Railways, and Agricul. 
turo, witli the ilieorstioal iavestigationa respecting, tlio Motivu 
Power of Heat aad the proper Propoxtioaa of Steam. Engines. 
Elaborate Tables of tho right dimeasions of every part, and 
Practical Instructions for the Mauufaeturo and Management oi! 
every species of Engine in actual use. By John J5ouii:yB, being' 
the ninth edition of " A Treatise on the Steam Engine," by 
the "Artisan Club." Illustrated by tliirtj-eight plati? and five 
hundred and forty-six wood-cuts. 

As Ml'. Boucne'e work has the great merit of ovoiding unbound and irama- 
turo views, it may safely be oonaultod by all who ore leolly desirous of ac- 
quiring' trughrorfiy information Ott tbe subject of nhiLli it tieata During' 
tho twenty-two years whioli have .elapsed from tlie issue of the first edition, 
tho improvements introduced in the constroction of tho stcim cngme havo 
been both numerons and important, and oi these Mr Boumo Yiis taken caro 
to i>omt ont the more prominent, and to furnish tio reader ■with suiJl infor- 
mation as shall enable lum readily to judge of their relative value This edi- 
tion has beon. fhoronghly moderniaed, nnd mado to accord -with the opinions 
and praotica of the more suooessful engineers of tho present day. All that 
the book professes to give ia given with abOity and evident eare. The soien- , 
tifio principles which aro permanent aro admiraMy eiplained, and reference 
is made to many of lie more ■valuable of tiie recently introduoed engines. To 
express an opinion of tho value and utility of snch a work as Tlie Artisan 
Club's Treatise orv the Sleam Engme, whioh has passed through eight editions 
already, would bo Huperfluona ; but it may be safely staled that the work is 
worthy the attentive study of all either engaged in the mauu^ture of steam 
on^dnes or interested in economizing the use of steam. — Mining Jma-nal. 

IsiierwoocVs Engineering Precedents. 

Two Vols. Jn One. Svo. Clotli. 03.nO. 

ENGINEEBLNG PRECEDENTS EOR STEAM MACHINEET. 
Arranged in the most practical and useful maimer for Engineers. 
By B. F. IsHBswooD, Civil Engineer, U, S. Navy. "With illus- 
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Ward's Steam for the Million. 

New uitil JievisetZ Mditioti, 

Syo. ciotii. c;i.on. 

STEAM rOE; THE MILLION. A Popular Treatise on Steam 
and ita Application to tlie TTsefiil Arty, especially to Naviga- 
idon. By TT. H. Waud, Coramandov U, S. Navv. Xow aiul ro- 
vised editioii. 

A most exoellent work for the yonng engineer and general reader. Many 
facts relating to the management of the boiler and engine are Eet fortlL 'n'itL. a 
simplicitj' of language and perfection of detail fliat bi'ing the subject homo 
to the render. — Arnerican, Englrieei: 



Walker's Screw Propulsion. 



KOTES ON SCEEW PROPULSION, its Eise and nistory. Ey 
Oapt. "VV. H. Waikeu, U. 8. Navy. 

Commander Wtdker's book oontaina an immeneo amoimt of concise praotl- 
oal data, and every item of information recorded £u3Iy proves tbat the rarioTiB 
points bearing upon it have been well considorod pi'eviously to expressing an 
opinion. — jAincloii, Mning Journal. 



Page's Earth's Orust. 

13mo, G]ntli. 75 cents. 

THE EARTH'S OaUST : a Ilaady Outline of Geology. Ey 
Dayid Page. 

" Such a ■work as this was much wanted — a work giving in clear and intel- 
ligible outline tlie leading facts of the science, M-ithout araplifioatiou or irk- 
some details. Ifc is admirable in anangement. and clear and easy, and, at tha 
same timo, forcible in stylo. It will lend, we liope, to the introduotion of 
Geol(^y into many schools that have neither time nor room, for the study o£ 
large traatiae8."—r/ie Kuseam. 
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Rogers' G-eology of Pennsylvania. 

3 Tols. 4to, with Portfolio of Maps. Cloth. $30.00. 
THE GEOLOGY OF PENNSYLVANIA.. A Goverament Sur- 
vey. With a g'eaeral view of tlie Geology of the United States, 
Eaaays on the Coal Formation and its Fossils, and a description 
(if the Coal Fields of North America and Great Britain. By 
Henbt Dinwcf EoGEHs, Late State Geologist of Pennsylvania. 
Splendidly illnsti-ated with Plates and Engravings in the Text. 

It certainly ahoiild bo in every publio library tlirouglioiit the ciouatiy, anil 
likewise in the posaesaion of ali atudcnta of Geology. After, the final sale of 
tliese oopifs, the work will, of course, become more valuable. 

Tlie work for the last five years has been entirely out of the market, but a 
few copioa that remained in the lianda of Prof. Rogers, in Scotland, at the 
time of hia death, are now oifered to the publio, at a price which ia eveu 
below what it was originally sold for when, first published. 



Morfit on Pnre Fertilizers. 

With S3 Illustotivo Platog. 8ro. Cloth. ?30.00. 

A PEACTICAL TREATISE ON PUEE FEETIUZEES, and 
the Chemical Conversion of Rock Guanos, Mai^stones, Coprolites, 
and tlio Crude Phosphates of Lime and Alumina Generally, into 
8 Valuable Produeta. By Cajipbell Moeht, K.D., F.O.S. 



Sweet's Report on Goal. 

8vo. Clot.h. $3.00. 

SPECIAL REPORT ON COAL ; showing its Distribution, Qassi- 

fieation, and Cost delivered over different routes to vai-ious points 

in the State of New York, and the principal cities on the Atlantic 

Coast. By S. H. Sv/bbt. With maps. 



Oolbnrn's Gas "Works of London. 

13nio. BoiiMls. 1)0 cents. 
GAS "VV0EK8 OF LONDON. By ZBUAir Colbuhs. 
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The TTseful Metals and their Alloys ; 
Scofiren, Truran, and others. 

Flftlt, Edition. 

8to. Half calf. $3.7o, 
THE USEFUL METALS AND THEIE ALLOYS, incUidiiig 
MINING YENTILATION, MINING JUEISPEUDENCE 
AND METALLITEGIC CHEMISTRY employed in the conver- 
fiion of LBON, OOPPEll, TIN, ZINC, ANTIMONY, AND 
LEAD OEES, -with their applloationa to THE INDUSTRIAL 
AUTS, By John Scofeiien, "William TitTriiAi.-, William Clai', 
Iton^iKT OxLiiTB, "William Faieb.uiin, "W. 0. Aitkin', and Wil- 
liam To SB PlCKIiTT. 

Collins' Useful Alloys. 

18too. Flexible. 75 eenta. 

THE PRIVATE BOOK OP USEFUL ALLOYS and Memo- 
randa for Goldsmiths, Jewellers, etc. By James E. Colliks 

This littlo took is compiled from notes mnile by the Author from the 
papers of ona of the largest and most ominent Manufacturing' Gloldsmitlis and 
Jewellers in this country, and as the firm is now no longer in, existence siad the 
Author is at present eng^^ in some other uudBrtakin„ 1 e no v offers to the 
public the benefit of his eKperience, and in ho doings he b „ to state that all 
the alloys, etc., jjiven in these pages may be confidently rel e 1 on a b mj, 
thoroughly practicable. 

The Momorantia and Beceipta throughout this bo 1 arc Iso c mp I d 
from practice, and will no doubt be found useful to the pat 1 je veil 
—Shirley, July, 1871. 

Joynson's Metals Used in Construction. 

13mo. Cloth. 75 cents. 

THE METALS USED IN CONSTRUCTION: Iron, Steol, 
Bessemer Metal, etc., etc. By Pbahois Heebbrt Joykson. Il- 
lustrated. 

"In the interests of practical Boieuoe, we are bound to notice .this work; 
and to those who wish further information, we should aay, buy it; and the 
outlay, we honestly boliove, will be considered woll spent." — HeUiUifie 
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Holley's Ordnance and Armor, 

49a Ejigravia^. Half Soan, ^10.00. Hall Rusaia, $13.00. 

A TREATISE ON OEDNANC'E AND AltMOE^Embracing 
Descriptions, Discussions, and Professional Opiuions concerning 
tte MiXEHi-iL, PARKiCiiios, Ecquirements, Capabilities, and En- 
durance of European and American Guns, for Navnl, Sea Coasts 
and Iron-clad Warfare, and their Eifliko, Pkojeciiles, and 
Beeech-Loadikg ; also, Eeeults of Experiments against Armor, 
from OfScial Eeeords, with an Appendix referring to Gun-Ootton , 
Hooped Guns, etc., oto. By Aibxandek L. Holler, B. P. 9-18 
pages, 493 Engravings, and 147 Tables of Eesults, etc. 

CONTEKTS. 
Chapteh T.— StaJidard Guns azid their Fitbrif^ation DoHcribed : Section 1. 
Hooped Guns;- Section. 3. Solid Wrought Iron. Guns; Section 8. Solid Steel 
Guns; Section 4. Caat-Iroa Guns. ChapterII. — TlieBeqairenientsof Guns, 
Armor; Section 1. The Work to be done ; Section 3, Heavy Shot flt Low Ve- 
locities ; Section 3. Small Shot at High Velocities ; Soction 4. The two Sys- 
tems Combined; Sections. Broaching Masonry. Chapter IH. — Tbo Strains 
and Structureof Guns: Section 1. Hesiatance to lUaatic Preaaurc ; Section 3. 
The Effects of Vibration; Seotioa 3. The Effects of Heat OHApran IV.— 
Cannon Metaia and Processes o£ Sabrioatiou ; Section. 1. Elasticity and Ductil- 
ity; Section 3. Cost-Iron; Section S. Wrought Iron; Section 4. Steel; Sec- 
tion 5. Bronze ; Section 0. Other Alloys. Chapter V. — Eifling and Projec- 
tiles; Standard Forms and Practice Described ; Early Experiments; The 
Centcinff System; The CorapreBsing System; The Eipansion System ; Armor 
Punching Projectiles ; Shells for Molten Metal] Competitive Trial of Eifled 
Guns, 18C3i Duty of Eified Guns; General Uses, Accuracy, Range, Velocity, 
Strain, Liability of Projectile to Injury ; Firing Spherical Shot from Eifled 
Guns; Material for Armor-Punching Projectiles; ShajK) of Armor-Punching- 
PFojeotiles; Capacity and Destruotiveness of Shells; Elongated Shot from 
Smooth Borea; Conclusions; Velocity of ProjectOcs (Table). Cqapteu VL— 
Breech-Loading Advantages , and Defects of the System ; Eapid Firing; and 
Cooling Quna by Machinery; Standard Breecli-Loaders Described. Part Sec- 
ond ; Experiments against Armor; Account of Eiperimenls from OfGoial 
Eecorda in Chronological Order. Appehdix.— Eeport on the Application of 
Gun-Ootton to Warlike Purposes — British Association, 18B3; Manniacture and 
Experiments in England ; Guns Hooped 'with Initial Tension — History; How- 
Guns Burst, by Wiatd, Lyman's Aocelerating Gun; Endurance of Parrott 
and Whitworth Guns at Charleston ; Hooping old United States Cast-iron 
Guns; Endnraaco and Accuracy of the Armstrong GOO-poundor; Competitive 
Trials with 7-inoh Guns. CkX.I^jIo 
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Peirce's Analytic Meelianics. 

4to. Cloth. §10.00. 

SYSTEM 03? ANALYTIC MECHANICS. Physical and Celestial 
Mechanics. By Benjamin Peiiicb, Perkins Professor of Astronomy 
and Matliematics in Hai-vard University, and Consulting As- 
tronomer of the American Ejihemeris and Nautical Almauac. 
Developed in four systems of Analytic Mechanics, Celestial 
Mechanics, Potential Physics, and Analytic Morphology, 

"I have re-examined tho memoirs of the great g'eometera, und }iave striven 
to oonsoUdata their latest researches and thoiv moat exalted forms of thoug-ht 
into a consistent and uniform treatise. If I have herety succeeded in open- 
ing to the students of my country a readier aooess to tliese ohoioe jewels of 
intelleot; if their brillianoy is not impaired in tliia attempt to reset them ; if, 
in their own aonstallatioa, they illustrate each other, and concentrate 
a stronger light upon tlie names of their discoverers , and, still more, if any 
gem. which I may havo presumed to add is not wholly luatrelesa in the ooiloo- 
tion, I shall feel that my worlc has not been in y3iD."'~£lJ!Cract from tlie Pr^ 

Burt's Key to Solar Compass. 

Second Edition. 

Pooket Book Form. Tack. $3.50. 

KEY TO THE SOLAR COMPASS, and Survcyor'a Companion ; 
comprising all tiio Bules neoessaiy for use in the field ; also, 
Description of the Linear Surveys and Public Land System of 
the United States, Notes on the Barometer, Suggestions for an 
outfit for a Survey of four months, oto., etc., etc. By W. A. 
BuKT, U. S. Deputy Surveyor, Second edition. 



Chauvenet's Luuar Distances. 

8vo. Cloth. $3.00. 
NEW METHOD OF COEPECTINa LUNAE DISTANCES, 
and Improved Method of Finding the Error and Rate of a Chro- 
nometer, by equal altitudes. By Wm. Chaitvenet, LL,D„ Chan- 
cellor of Washington University of St. Louis. ,-. . 

Google 
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JefTers' Nautical Surveying. 



WAirriOAL SljE"\rBYIXG. By William N. Jefpees, Captain 

U. S. Navy, 

Many boolca liiwe been written on eacli of tlie BUbjocta treated of in tha 
Biiteen chaptars of this vork; and, to obtain u oompletG knowlodije of 
g«odBtLc surveying requires a profound study of tlie wliole range of mathe- 
matioai and physiual aoionoM; but a year of preparation aliould render any 
intelligent ofSoer eompeteni to oonduot a nantioal anrvoy. 

CoKTKNTa.— Chapter I. rommlie and Constants Useful in Surveying; 
II, Distinctive Character of Surveys. III. Hydrographio Survsying under 
Sail ; or, Eunning Survey. IV. Hydrogvaphic Surveying of Boats ; or, Har- 
bor Survey. V. Tidea — Definition of Tidal Plionomona — Tidal ObservationB. 
VI. Measurement of Bases — Appropriate and Direct. VII. Measnroment of 
the Angles of Triangles— AzimntliB—Astranomical Bearings. VHI, Correo- 
tions to be Applied to tho Observed Angles. IS. Levelling — Difforeooe of 
Level. X. Computation of the Sides of the Triangnlation— The Three-point 
Problem. XI. Determination of the Geodetic Latitudes, Longitudes, and 
Azimutlis, of Points of a Triangulation. XII. Snmmary of Subjects treated 
of in preaeding Chapters — Examples of Computation by various Formulra. 
XIII. Projeetion of Charts and Plana. XIV. Astronomical Determination of 
Latitude and Longitude. XV. Magnetie Observations. XVI. Deep Sea 
Soundings. XVII. Tables for Ascertaining Distances at Sea, and a full 

List ofl'lates. 
Plate I. Diagram Illustrative of the Triaiigulation. II. Speoimen Pag'e 
of FiehlBook. III. Running Survey of c Coast. IV. Example of a Kunning 
Survey from Belcher. V. Flying Survey of an Island. VI. SuiTey of a 
Shoai. VII. Boat Survey of a Kiver. VIII. Throe-Point I'liiblem. IX. 
Triangulation. 

Coffin's Navigation. 

Fifth Edition. 



NAVIGATION AND NAUTICAL ASTBONOMY. Prepared 
for the use o£ tlie U. S. Naval Academy. By J. H. C. Goems, 
Prof, of Astronomy, Navigation and Smveying, with 52 ■wood- 
cut illustrations. ,-, , 

H.s.dtv Google 
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Clark's Theoretical Navigation. 

6vo. Qoth. $3.00. 

tHEOKETICAL NAVIGATION AND NAUTICAL ASTRON- 
OMY, By Lewis Clakk, Lieut. -Commander, U. S. Navy. II- 
luBtrated with 41 Wood-eufcs, including llie Veruier. 

Prepared for TTse at the V.. S. Naval Academy. 



The Plane Table, 

ninfltcatsd, 8to. Cloth. $3.00. 

[TS USES IN TOPOGEAPHICAL STJEVEYING. From' the 
Papers of the U. S. Ooaat Survey. 

This work giviia a description, of the Plane Table employed at the U. S. 
Ooaat Survey OificH, and the manner of using- it. 



Pook on Shipbuilding. 

8-v-o. Cloth. $.').O0. 

METHOD OP COMPARING THE LINES AND DRAUGHT- 
ING VESSELS PHOPELLED BY SAIL OE STEAM, in- 
cluding a Chapter on Laying off on the Mould-Loft Floor. By 
SiMUEL M. I'ooK, Naval Constructor. 1 vol., 8vo. "With illus- 
trfttiona. Cloth. $5.00. 



Brunnow's Spherical Astronomy. 



SPHERICAL ASTRONOMY. By P. Britnwow, Ph. Dr. Trans- 
lated by the Author from tho Second German edition. __ 

Google 



Van Biiren's Formulas. 

8vo. Cloth. $3,00. 
INVESTIGATIONS OF FOEMTTLAS, for the Sti-engtli of flie 

Iron Parts of Steam Machiaeiy, By J. D. Van Bukes, Jr., 0. E. 

Illustrated. 

This ia an analytical discussion of the forraulie employed Tjy mechanic?.! 
engineers in determining the rupturing or crippling; presaure in the different 
paifs of a maohiiio. Tho foimulEe are founded upon the principle, that ilio 
difierent parts of a machine should be ec[iially strong, and are developed in 
reference to the ultimate strength of the material in order to leave the choice 
of afaotor of safety to the judgment of the designer.— SflZinwMi'a Jowreoi. 

Joynson on Machine Gearing. 

8vo. Cloth, $?,00, 
THE MECHANIC'S AND STUDENT'S GUIDE ia the Design- 
ing and Construction of General Machine Gearing, as EeeentricB, 
Screws, Toothed Wheels, etc, and the Drawing of Itectilineal 
and Curved Surfaces ; with Practical Eulcs and Details. Edited 
by PiiAtrcia Herbert Jothsos. Illustrated with 18 folded 
plates. 

*' The aim of this work is to he a. guide to laechanics in the designing and 
construction of general machine-gearing. This design it well fulfils, heing 
plainly and sensibly written, and profusely illustrnted," — Sunday Tiities. 



Barnard's Beport, Paris Exposition, 
1867. 

Illustrated. 3vo. Cloth. $5.00. 

EEPOET ON MACHINERY AND PE0CES8E9 ON THE 
INDUSTRIAL AETS AND APPAEATUS OF THE EXACT 
SCIENCES. By P. A. P. Barnard, LL.D.— Paris Universal 
Exposition, 1867. 

" We have in this volume the results of Dr. Barnard's study of the Paris 
-Exposition of 1867, in the form of an official Report of the Government. It 
is the most eihanativa trontise upon modem inventions that haa appeared 
since the Universal Exhibition of 1851, and we doubt if aoything equal to it 
has appaared this <xai\vc:y.''—J<jiirnfd Applied CJiemistry. 
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Engineering Facts and Figures. 

18mo. Clotli. $3.50 per Volume. 

AN ANNUAL EEGISTEK OF PEOGEESS IN MECHANI- 
CAL ENGINEERING AND CONSTEUCTION, for the Years 
1863-0^-65-66-07-68. Fully illnsti-ated. 6 yolumea. 
Each volume sold separately. 



Beckwitli's Pottery. 

8to. Pivpec. 60 cents. 

OBSERVATIONS ON THE MATERIALS and Mamifa«tura of 
Terra-Cotta, Stone-Wai^, Eiro-Brick, Porcelain and Encauatic 
Tiles, with EeniaAa oa tho Produots exhibited at tbo Londaa 
International Esliibition, 1S71. By Anunru Buckwith, Civil 
Engineer. 

" Everything is noticoil in thiH book wiiiQli comoa under the hoad of Pot- 
tery, from flu© poroelain to ordinary brlok, and aside from, the interest lyhioh 
Jill taito in Bucili mauufactures, tie work will be of oonsiderable value to 
followers of tlie oeramio art."— Emninff Mail. 



Dodd's Dictionary of Mamifact-ores, etc. 

DICTIONARY OF MANUFACTURES, MINING, MACHIN- 
ERY, AND THE INDUSTRIAL ARTS. By Geokoe Dsdd. 
This work, .i Email book on a great stibjeot, treats, in. nlphabeticaJ. or- 
rangamont, of those mimerous matters which come genocally within the rang« 
of manufacturea and the productive arts. The raw materiala — animal, vege- 
table, and minoral—whenM tho manufactured products are decivcd, are suc- 
cinctly noticed in connection with tlie pcoi^sBes which thoy undergo, but not 
as subjeotH of uatiiral history. The operations of the Mine and tJie Mill, the 
iPoundry and tho Forge, the Paotory aud tho "Workshop, are passed under re- 
view. The principal machines and engines, tools and apparatus, ooncemad in 
manufacturings processes, are briefly described. The scale on which our chief 
branches of national industry are conducted, in regard to values and quautitiea, 
U indicated in varioua ways. 
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Stuart's Civil and Military JEngineer- 
ing of America. 

8vo . Illustratod . Clotli. %5 , 00. 

THE CIVIL AND MIUTAEY ENGINEEES 03? AMEEICA 
By General Gh SELES B. Siitaiit, Aiiflioi of " Naval Dry Doclts 
of the IJBited States," etc., etc Embellished ivitli nine fim^lj 
exeoufed j^Kirtraits on steel of eminent enifineeii, and illustrated 
by engravinga of some of the 3no-.t impoitant and originalworks 
constructed in America. 

Containing' skbtches of the Life and Works of Major Andrew Bllicott, 
Jamea Geddea (with Portrait*, Benjamin Wright (with Portrtat), Canvass 
White (with Portrait), David Stanhope Bates, Nathan S. Roberts, Qriilley 
Bcyant (with Portrait), Gleneral Joseph Q. Swift, Jeese L. Williams (with 
Portrait), Colonel WOliam. MoEee, Samuel H. Kneass, Captain John Childe 
with Portrait*, Frederick Harbacb, Major David Bates Douglas (with Por- 
trait), Jonathan Knight, Benjamin H. Latroba (with Pcictrajt), Colonel Char- 
les EUet, Jr. (with Portrait), Samuoi Fonei', Williaon Stuart Watson, John 
A. lioebling-. 



Alesander's Dictionary of Weights 
and Measures. 

8vo. Cloth. 13.50. 
"UNIVEESAL DIOTIONAIiY OP WEIGHTS AND MEA8- 

XtRES, Ancient and Modem, reduced to tlie standards of the 

United States of America. By J. H. Alexander. New edition. 

1vol. 

" As a Btandiird work of reference, thia book should ba in every library ; i t 
13 one whioh we have long wanted, and it will savo much trouble and ai- 
ee3xah."^rScie?iii/ie American. 



Gouge on Ventilation. 

TJiii-fl liMHon F.nlavged. 

8vo. Cloth. ?3.00. 
NEW SYSTEM OF VENTILATION, which has been thoroughly 
tasted under tbo patrouL^e of many distinguished persona. By 
Hestiy a, (roLGE, with many illustrations. 
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Saeltzer's AGoustics. 

13mo. Cloth. $3.00. 

TREATISE ON ACOUSTICS in. Connection with Tentiktion. 
Witli a new theory baaod on an important discoTery, of facilitat- 
ing clear and intelligible fiound in any building. By Axexabdeh 
Saeltzeg. 

" A prairtical and very sound treatise on a Bnbject of great importance to 
nrohiteota, and one to tt lich tliere liaa hitherto been cnfirly too little attention 
paid, Tho author's theory is, that, by bestowing proper caro upon the point 
of Aoonstica, tho rsquisite ventilatioii will be obtained, and Vine veTSa. — 
Brooklyn Vnitm. 



Myer's Manual of Signals. 



19mo. 48 Plates full Eoan. $5.00. 

MANUAL OF SIGNALS, for tbe Use of Signal Oifieera in the 
Field, and for Military and Naval Students, Military Schools, 
etc. A new edition, enlarged and illustrated. By Erig.-Gen. 
Albebt J. Mtkh, Chief Signal Officer of the Army, Colonel of 
the Signal Corps during the War of the Rebellion. 



Larrabee's Secret Letter and 
Telegraph Code. 

18mo. Cloth. $1.00. 

CIPHER AND SECEET LETTER ANB TELEGEAPHIC 
CODE, with Hogg's Iiupi-ovements. Tho most perfect secret 
Code ever invented or discovered. Impossible to read without 
the Key, Invaluable for Secret, Military, Naval, aad Diplo- 
matic Service, as well as for Brokers, Bankers, and Merchants- 
By C, S. L.viiEABEE, the original inventor of the scheme. 

Google 
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Hunt's Designs for Central Park 

Gate^ways. 

4to. Cloth. S5.00. 
DESIGNS I-OR THE GATEWAYS OE THE SOUTHERX 
ESTEANOES TO THE CENTRAL PAEK. By llicnARD M. 
Hunt. With a description of tlie designs. 



Pickert and Metcalf s Art of Graining. 

1 Tol. 4to. Cloth, %\0.m. 
THE ART OF GEAINIWG. HowAcquired and How Produced, 
with (iesoripfion of colors ftnd their appiication. By Ceauliim 
PiCKBii'r and Abraham Metcalp. Beautifully illustrated witli 42 
tiafed plates of the various woods used in. interior finishing. 
Tinted paper. 

Tbo authors present here tlio result of long experience in the practice of 
tliis denorative art, and feci confident tliat thoy hereby offer to their brother 
BrtiBans a reliable guide to improvement in tlio praotioe of graining. 



Portrait Gallery of the "War. 

CO fine Portraits on Steel. Royal 8to. Cloth. ?6.00. 

POETEAIT GALLEEY OF THE WAE, CIVIL, MILITAEY 
AND NAVAL. A Biographical Eecord. Edited by Eeank 
MooKE. 



One Law in Nature, 

13mo. Cloth. ^1.50. 

ONE LAW IK NATUEE. By Capt. H. 11. Lazblle, U. S. A. 
A New Corpuscular Theory, coraprefaecding' Unity of Force, 
Identity of Matti^r, and its Multiple Atom Constitution, aijpliod 
to the Physical Affectiona or Modea of Energy. 
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Ernst's Manual of Military En- 
gineering. 

103 Wood Cuts and 3 LithograpliKd Flutes. 12mo. Clotli, $5.00. 
A MANUAL OF PRACTICAL MILITARY ENGINEER- 
ING. Prepared for the use of the Cadets of tlie U. S. Military 
Academy, aod for Engineer Troops. By Ciipt.O. H. Ernst, 
Corps of Engineers, Iiistrnetor in Practical Military Engi- 
neering, IT. S, Milititry Academy. 



Church's Metallurgical Journey. 

24 111iiatrati0De. 8vo. ClotJi. $3.00. 
NOTES OP A METALLURGICAL .TOURNEY L\ 
EUROPE. By John A. CHeiiCFi, Engineer of Mines. 



Blake's Precious Metals. 

Svo. Clotli. $3,00. 
REPORT UPON THE PRECIOUS METALS : Being Statist!- 
eal Notices of the principal Gold and Silver prodncing regions 
of the World. Represented at the Paris Universal Esposi- 
tiou. By WiLLiAir P. Blake, Commissioner from the State 
of California. 



Olevenger's Surveying. 

IlluEtratdd Pocket Form. Morocco Gilt. $3.50. 
A TREATISE ON THE METHOD OP ftOVERNMENT 
SURVEYING, as prescribed by the United States Congi-es?. 
and Commissioner of the General Land Office. With com- 
plete Matheoiatieal, Astronomical and Practical Instructions. 
for the use of the United States SniTeyore in the Field, and 
Stndenta who contemplate engaging in the business of Public 
Land Surveying. By 8. R. Cletsngbr, U. S. Deputy Sor- 
veyor. 

"Tlie reputation of the aatliop os a Burveyor gaaranteoa an exhaustive 
treatise on tliis BiiliJBct." — Dakota Refiiater. 
" ^urvej-orB have long- needed a tost-boOk of this descrii>t!tin.-*7Via Preaa. 
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Bow on Bracing. 



A TREATISE ON EKAOING, witli its iipplicatioii to Briagea 
aucl other Structures of Wood or Iron. By Eobekt Hesky 
Bow, C. E. 



Howard's Earthwork Mensuration. 

evo. IllvisWatetl. Cliitli. ^L.TO. 

EARTHWORK MENSURATION ON THE BASIS OF 
THE 'PRISMOIDAL FORM \JhIR. Containing simple ami 
labor-Having raetiiod of obtaining Prismoidal Contents direct- 
ly from Eiul Areas. Illustrated by Exarapk'S, and accom- 
panied by Plain lEules for practical nses. liy Oonw.a.y R. 
HowAKU, Civil Engineer, Richmond, Va. 



McAlpine's Modern Engineering. 



JIODEllN EJS'G-IJSTEEBING. A Lecturo deliyered afc the Amer- 
ican Institnifl in New York. By "William J. MoAli'ike. 



Mowbray's Tri-Nitro-G-lycorine. 

8vo. Cloth. IlluscrateJ. $3,00. 

TRI-NITKO-GLYCEHINE, as applied in the Iloosac Tunnel, 
nnd to Submarine Blasting, Torpedoes, Qn^i-ryhig, etc. Being 
the result «f six years' observation and jiractice during the 
manufticture of five hnndred thonsand pounds of this explo- 
sive, JEica Blasting Powder, Dyniunites; with an account of 
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tlie variuiis Systems of Blasting by Electricity, Priming Com- 
pounds, Explosives, etc., etc. By Geokgb M. Mowbray, 
Opei-ativo Chemist, with tUirteen illustrations, fiiblea, and 
appeudix. Third Edition. EG-writteii. 



Wanklyn's Milk Analysis, 

12mo. Cloth. §i.OO. 

MILK ANALYSIS. A Practical Treatise on tlie Examination 
of MiJlv, and its Derivatives, Cream, Butter and Cheese. Jiy 
J. Aj-fked ■\Vakklyn, M. IL 0. S. 



Toner's Dictionary of Elevations, 

6to. P.'Lper, $3.00. Clotli, $3.75. 

DICTIONARY OF ELEVATIONS AND CLIMATIC KEOr- 
ISTER. OP T'HE UNITED STATES. Containing, in addi- 
tion to Elevations, the Latitade, Mean Annual Temperatnre, 
and the total Aunnal Eain Full of many localities ; with a 
brief Introdnction on tlie Oi'ographic and Physical Peculiari- 
ties of North America. By J. M. Toser, M. D. 



Adams. Sewers and Drains. 

{hi P,VM.) 

SEWERS AND DRAINS FOR POPULOUS DISTRICTS. 
Embracing Rnles and Formnlas for the dimensions of Sani- 
tary Engineers. By Jui.ius W. Adams, Chief Eiigiuoev of tlio 
Board of Ciry Works, ■I5rooklyn. 
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PresGOtt's Proximate Organic 

Analysis. 

ISmo. Cloth. $l,ra. 
OUTLINES OP PROXIMATE OEGANIC ANALYSIS 
for the Identification, Sepai-ation, and Quantitative Deter- 
minatiou of the moi-e commonly oeenrring Organic Com- 
pounds. By Albert B. Presoott, Professor of Orgjinio 
and Applied Chemistry in the University of Michigan. 



Prescott's Alcoholic Liquors. 

lamo. Cloth. SX.50. 
CHEMICAL EXAMINATION OF ALCOHOLIC LI- 
QUORS. A Manual of tho Constituents of the Distilled 
Spirits and Fermented Liquors of Commerce, and tlieir 
Qualitative and Quantitative Determinations. By Alisert 
B. Prbscott, Pi-ofessor of Organic and Applied Clieniistiy 
in the Univei"sity of Micliigan. 



Greene's Bridge Trusses. 

8vo. Illustrated. Clotli. $.3.00. 
.GRAPHICAL METHOD FOR THE ANALYSTS OF 
BRIDGE TRUSSES, extended to Continuous Girders 
and Draw Spans, By Charles E. Greene, A.M., Pi'o- 
fessor of Civil Engineering, University of Michigan. Illus- 
trated by thi-ee folding plates. 



Butler's Projectiles and Rifled 
Cannon. 

4to. 33 Hates. Cloth. In press. 
PROJECTILES AND RIFLED CANNON. A Critical 
Discttssion of tlie Principal Systems of Rifling and Projec- 
tiles, with Pi-actical Suggestions for their Improvement, as 
cmhraced in a Report to the Chief of Ordnance, U.S.A. By 
Capt. JoHjr S. BuTLBB, Ordnance Corps, U.S.A. 
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Van Kostrancl's Science Series. 



It is the Intention of tlie Publisliei- of tliis Seciea to isaiie tliam at iuter- 
tbIs of nljout u moutli. Tbey will lie put up in a uniform, neat and uttrac- 
tive form, ISmo, fancy boards. The HutijectB will be of aa eminently 
.BOlontific character, and embrace hb wide a range of topics ae possible, all 
of the liigliest clmracter. 

Price, 00 Cents Each. 
i, 
CHIMSTEYS POE FUENACES, riEE-PLA.CE8, AND 
STEAM BOILERS. By R. Amisteong, C. E. 

STEAM BOILEE EXPLOSIONS. By Zkkah Oolburn. 

3. 
BBACTICAL PESIGNINC OP EETAINING WALLS 
By Aethub Jacob, A. B, "With Illustrations. 

PROPORTIONS OP PINS USED IN BRIDGES. By 
Chaeles E. Eendee, C. E. "With Blustrationa. 
s. 
VENTILATION OF BUILDINGS. By W.F. Butler. With 
III u strati Oils. 

e. 
ON THE DESIGNING AND CONSTECCTION OF STOR- 
AGE RESERVOIRS. By AkthvR Jacoe. With Illustra- 
tions. 

r. 

SURCHARGED AND DIFFERENT FOESIS OF RETAIN- 

ING WALLS. By James S. Tate, 0. E. 

s. 

A TEEATISE ON THE COMPOUND ENGINE. By John 

Turnbull. With Illustrations. 

FUEL. By 0. W. Siemens to which is appended tho Value of 
Artificial Fuels as compared with Coal. By J. "Wobmald, C E. 

*** Other works in prep^irdtion. 
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COMPOUND ENGINES. Translated from the Prench of 
A. Mallet. Illuati'afcecl. 



THBORr OP AEOHES. By Prof. AV. Allan, of the 
ton and Lee College. Ilhistrated. 



A PRACTICAL TIIKOEi'" OF VOUSSOIIt ARCHES. By 
William Cain, C.E. Illustrated. 



A PRACTICAL TREATISE ON THE GASES MET 
WITH m COAL-MINES. By the late J. ,T. Atkinson, 
Govevnipent Inspector of Mines for the County of IXirhani, 
Eiiglaii^ 



FRICTION OF AIR IN MINES. By J. J. Atkinson, 
Author of "A Practical Treatise on the Gases met with in 
Coal- Mines." 



SKEW ARCHES. By Prof. E. W. Hyde, C.E. Ilketrated 
with numerous engraTings and throe folded plates. 
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